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FOREWORD

This report was prepared by the Boeing Aerospace Company, Seattle,
Washington, for the Lewis Research Center (LeRC) of the National
Aeronautics and Space Administration (NASA). An analytical study
was conducted to predict thermomechanical response of the outer
cylinder of a plug type thrust chamber to a specified operating cycle
and variations in basic material properties such as thermal con-
ductivity and yield strength. Heat flow and structural analyses

were conducted in accordance with Task III requirements of Contract
NAS3-17838 "Thrust Chamber Life Prediction”. The study was under

the cognizance of R. J. Quentmeyer of NASA/LeRC.

The analyses and documentation of results were conducted by E. W. Broaren.
and W. H. Armstrong. The program manager was J. W. Straayer.
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1.0 SUMMARY

A parametric study was conducted to analytically determine the cyclic
thermomechanical behavior of various configurations of the outer cylinder
of a plug type thrust chamber developed by the NASA/LeRC. The cylinder
conforms to a test model which was developed to evaluate candidate materials
as thrust chamber liners in an engine designed for high performance and
extended low-cycle fatigue life for reusability.

The objective was to identify material properties which significantly
affect the inelastic behavior of the cylinder under a specified thrust
chamber operating cycle consisting of a hot phase (engine burn), a

cold phase (engine shutdown with cylinder coolant flowing) and transients
connecting the two phases. The study involved heat flow and structural
analyses of variations of a basic configuration of the cylinder. The
basic cylinder was modeled from typical physical and mechanical properties
of a copper alloy called Amzirc. Material properties such as thermal
conductivity and yield strength were varied, one at a time, to evaluate
the effects on thermomechanical response of the cylinder to the thrust
chamber operating cycle.

The cyclic heat flow analysis was performed with the Boeing Engineering
Thermal Analyzer (BETA) program. BETA is a large capacity finite
difference digital computer program for computing transient or steady
state heat flow in two or three dimensions.

Structural response to the applied pressure/temperature cycle was
determined with the Boeing Plastic Analysis Capability for Engines
(BOPACE) program. BOPACE is a finite-element digital computer program
which provides two or three dimensional incremental analysis of problems
in viscoplasticity.

Results are presented which show plots of continuous temperature histories
and diagrams of continuous isotherms at selected times during the

thrust chamber operating cyc1e. Computed structural data show critical
regions for low-cycle fatigue, cyclic histories of strain, isograms
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1.0 (Continued)

of effective strain at critical times during the cycle, and variations

in maximum effective strain with each material narameter. Results

show that inelastic strains in Amzirc are reduced most effectively

by decreasing thermal expansion and increasing thermal conductivity.

A twenty (20) percent reduction in thermal expansion resulted in a
fifty-one (51) percent reduction in maximum computed effective strain
range. A twenty-two (22) percent increase in the average value of thermal
conductivity for the engine burn period resulted in a five (5) pnercent
reduction in the peak temperature and a twenty-six (26) percent reduction
in maximum effective strain range. v
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2.0 INTRODUCTION

The advent of the Space Shuttle has brought a new era in the design

and fabrication of rocket nozzles. The requirement of high-performance
coupled with weight and volume limitations has resulted in the design
of rocket nozzles that operate at chamber pressures in excess of 2000
N/cm2 (3000 psia). This has elevated the throat heat flux from 3300
W/cmz (20 Btu/inz-sec) for present day high performance rocket nozzles
to 16,000 W/cm® (100 Btu/in®-sec) for the Space Shuttle Main Engine.

A further requirement for future high performance rocket nozzles is
reusability. For example, the nozzle may have the requirement that it
be capable of operating for several hundred major thermal cycles.

The combination of high performance and reusability has created major
design problems., One of the critical aspects of the nozzle desian

is low-cycle fatigue 1ife. This has become a major design problem
since a portion of the nozzle, particularly the throat section, is
subjected to cyclic inelastic strain due to the large temperature
gradient between the hot inner wall and the relatively cool outer
shell during the engine start-stop transients as well as during the
sustained burn period. This has a major impact on nozzle life and
creates the need to accurately predict when an engine may fail.

An essential part in development of a reusable rocket nozzle is

material selection. Recognizing the need, NASA has initiated programs
to identify most suitable materials for engine components and to study
material properties which most significantly affect low-cycle fatigue
damage. In particular, LeRC is conducting programs to test available
copper-base alloys as thrust chamber liners and to perform analytical
studies of copper to assess variations in thrust chamber thermomechanical
behavior with changes in material variables such as thermal conductivity
and yield strength. The results of the tests and analyses may lead

to development of new materials with greater resistance to low-cycle
fatigue damage.

2-1
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3.0 PLUG NOZZLE THRUST CHAMBER

The structure analyzed during this study is the outer cylinder of a
plug type thrust chamber. The region analyzed was near the thrust
chamber throat plane and is shown in cross section in Figure 3.0-1.
Details of structural arrangement and dimensions of the thrust chamber
centerbody as well as the outer cylinder are presented in this figure.

Eleven (11) different configurations of the outer cylinder were
analyzed in the parametric study. Dimensions of all configurations
were the same; differences consisted only of material properties
assigned to the thermal and structural models used in the analyses.
For the purpose of identification the configurations were defined
by identification numbers P.0 through P.10. P.0 was the baseline,
modeled from typical material properties of half-hard Amzirc. The
differences in the cylinder configurations are shown in Table 3.0-I.

A review of material conductivity data was carried out in order to
establish significant yet realistic extremes of thermal conductivity

to use for P.1 and P.2 analyses. The highest conductivify found among
all solid materials was that for annealed pure silver. Since the intent
was to employ arbitrarily varied properties, which were not necessarily
representative of any real material, it was decided to treat the high
and low extreme conductivity values as constants, independent of
temperature. |

The high conductivity case, identified as configuration P.1, used a
conductivity of 4.80 watt/cm-K (6.422 X 10'3 Btu/in-sec-°R}, which

is approximately the value for chemically pure, annealed silver in the
temperature range from 367K (200°F) to 1089K (1500°F).

For the low conductivity case, configuration P.2, a value of 1.86 watt/
em-K (2.5 X 1073
one half the room temperature conductivity of Amzirc. This value,

Btu/in-sec-°R) was chosen. This value is approximately

which is roughly representative of the conductivities of beryllium
copper or certain brasses, was felt to differ sufficiently from the

3-1



3.0 (Continued)

baseline value to produce a significant impact on strain results but
not fall outside the range of real materials.

3.1 BASELINE MATERIAL PROPERTIES

Baseline material properties used in thermal and structural analyses
of the cylinder were developed from data in Reference 1. These
properties define the temperature dependent character of thermal
conductivity, specific heat, density, thermal expansion, modulus

of elasticity, Poisson's ratio, typical stress-strain behavior and

creep. The baseline properties are shown in Figures 3.1-1 through
3.1-8.

3.2 OPERATING CONDITIONS

The operating conditions for the thermal and stress-strain analyses

were specified by the NASA LeRC Project Manager. The thermal

operating conditions were defined in terms of thermal boundary conditions
(heat transfer coefficients, nozzle surface adiabatic wall temperatures,
and coolant bulk temperatures). Mechanical operating conditions
consisted of definitions of pressures on the nozzle surfaces and coolant
channel walls. A1l conditions were specified through a typical operating
cycle, consisting of a hot phase (engine burn), a cold phase (engine

shut down but coolant flowing), and transients connecting the two phases.
A11 conditions were constant during the two main phases and the transients
were all assumed to be linear variations between the appropriate main
phase values over specified periods of time. The levels and durations

of the operating conditions are shown in Figure 3.2-1.

3-2



DETAIL B

CENTERBODY

40 COOLANT CHANNELS
CLOSEQUT WALL

72 COOLANT CHANNELS
CLOSEQUT WALL

26.67 R
CHANNEL RIB

INNER BODY

CHANNEL RIB

CENTERBODY
DETAIL A

OUTER CYLINDER

D
(DIMENSIONS IN MILLIMETERS) ETAIL B

FIGURE 3.0-1 CROSS SECTION OF PLUG NOZZLE THRUST CHAMBER THROAT
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CONFIGURATION

P SERIES

CYCLE PHASE " COLD HOT
HOT GAS SIDE HEAT  wattzem’-k| 0.0 2.02
TRANSFER COEFFICIENT (Btu/in.°- (.00685)
sec-°R)
HOT GAS SIDE ADIABATIC k| 278 | 3364
WALL TEMPERATURE (°R) | (500) | (6055)
HOT GAS SIDE knmé | 96,5 | 2780
WALL PRESSURE (psia) | (14.0) | (403)
COOLANT SIDE HEAT  watt/em®-K| 10.2 | 4.83
TRANSFER COEFFICIENT (Btu/in.2- | (.0345) | (.0164)
sec-*R)
COOLANT SIDE BULK K| 28 50
TEMPERATURE cer)|  (50) (90)
COOLANT SIDE k/m? | 5100 | 6550
WALL PRESSURE (psia)| (740) | (950)

Heat Transfer
Coefficient,

Temperature,

TYPICAL CYCLE HISTORY

COLD
PHASE

HOT
PHASE

Figure 3.2-1
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4.0 PLUG NOZZLE THRUST CHAMBER MODELS

The models used in analyzing the heat flow and structural behavior of
the outer cylinder are presented. Two sets of models were developed;
one set was used to perform heat transfer analyses with the BETA
program, and the second set was developed to perform the viscoplastic
structural analyses with the BOPACE program. Boundaries of the

thermal and structural models were identical, but the number of

nodes and their locations were different. The mesh size and geometry
of each model was determined by accuracy and practical modelina require-
ments of the two types of analysis.

4.1 THERMAL ANALYSIS MODEL

The BETA program is a large capacity digital program for computing

transient or steady state heat flow in two or three dimensions. The

program performs numerical solutions of the thermal diffusion

equations, accounting for solid conduction, thermal capacitance, radiation
interchange, convection, and internally produced or absorbed heat, as
required. Variation of material properties with temperdture or any

other variable may be accounted for and a wide variety of boundary conditions
may be accommodated.

The analytical model of the nozzle cylinder is shown in Figure 4.1-1.

The properties of symmetry were exploited in order to treat the smallest
representative segment of the cylinder, thus maximizing the practical
modeling detail and resulting analysis accuracy. The line segment
intersections, some of which are numbered on the fiqure, represent

nodes at which mass and material specific heat values were concentrated,
thus defining thermal capacitor quantities. The 1ine segments connecting
the nodes represent thermal conductors, incorporating material thermal
conductivity, conducting length, and conductor cross section area. Output
of the analysis consists of temperatures at each of the nodes at any
desired times during the cycle.
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4.1 (Continued)
Appendix A gives the locations of nodes shown on Figure 4.1-1.
4.2 STRUCTURAL ANALYSIS MODEL

The BOPACE finite-element model used in the structural analyses of the
outer cylinder configuration is shown in Figure 4.2-1. The figure
shows the finite element identification numbers which correspond to the
element data 1isted in Appendix B. The tabulated element data are
comprised of global node numbers which define each finite element in
terms of its Tocal node numbers. The nodal coordinate data are also
1isted in Appendix B. '

The BOPACE program providés either the plane-strain or plane-stress
constant strain triangles for structural analysis of problems in
viscoplasticity. It was assumed that the more appropriate model of
the plug nozzle thrust chamber problem would be the plane-strain
element.

Because of symmetry of geometry and loading conditions at the nozzle
throat plane, it was possible to perform the structural analysis with

a model bounded by the inner and outer surfaces and by radial planes
through the center of the channel rib and coolant channel; the boundaries
of the BOPACE model coincide with the boundaries of the BETA model.

The finite element model of the outer cylinder consisted of 174 nodes
with 281 elements. A fine mesh was used to model the area between the
heated surface and coolant channel because highly inelastic behavior
was anticipated for this region. A relatively coarse mesh was used

in the regions which experience 1ittle or'no inelastic deformation
during the operating cycle.
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5.0 HEAT TRANSFER ANALYSIS

In addition to material properties discussed in Section 3.1, a
definition of operating conditions as discussed in Section 3.2,

and analytical models discussed in Section 4.1, the execution of

the thermal analysis required a description of the initial temperature
at each node. For analysis representing the first operating cycle

of the engine, some ambient or room temperature value could reasonably
be assumed as a uniform initial temperature. On the other hand, after
repeated cycles as shown in Figure 3.2-1, some stable periodic tempera-
ture variation for each node could be expected to develop.

Thermal analyses of the cold phase were performed with the initial
cylinder temperatures assumed as room temperature and results compared
with results based on initial temperatures assumed as the computed
temperatures at the end of the hot phase. It was found that the effects
of the differences in initial temperatures disappeared long before the
end of an assumed 1.65 second initial chill-down phase. Furthermore,

it was found in each cold phase analysis that all cylinder configurations
reached a constant, uniform temperature condition, with temperature
equal to the coolant bulk value, before the end of the cold phase.

Thus, this temperature was used as the initial temperature existing

at the beginning of the cold-hot (engine start) transient. The
procedure actually followed for each configuration was to analyze

the hot phase first and to use the temperatures computed at the end

of the hot phase as the initial temperatures for the cold phase.

Since the length of each cold phase was apparently sufficient to
allow an approach to steady-state conditions, it was concluded that
the thermal analysis of a single cycle as described simulated with
equal accuracy, the first cycle of the engine's operation, or a
typical cycle in a chain of many.
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5.1 THERMAL ANALYSIS RESULTS

Results of thermal analyses are summarized by means of plots of
continuous temperature histories for .ew selected locations for |

all three cases and a diagram of continuous isotherms at a few selected
times during the cycle for each case.

Figures 5.1-1, 5.1-2 and 5.1-3 show temperature histories through a
complete heating-cooling cycle for certain selected locations on
configurations P.0, P.1, and P.2, respectively. Figures 5.1-4, 5.1-5
and 5.1-6 show isotherms at 25°C intervals for the three cases existing
at 0.50 second after the beginning of the heating phase of the cycle.
The isotherm plots show clearly the changes in thermal gradients re-
sulting from the changes in thermal conductivity. It is also clear
thai there is 1ittle change in the general shape of the isotherm
contours with changes in conductivity.
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Figure 5.1-4  OUTER CYLINDER ISOTHERMS TASK III BASELINE (CASE P.0)
TIME = 0.50 SECOND
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6.0 STRUCTURAL ANALYSIS

The thrust chamber structural analysis was performed with the BOPACE
computer program to account for, in an incremental manner, effects of
variable amplitude cyclic loads and temperatures. In addition,
variations of material properties with temperature, mechanically or
thermally induced plasticity, and combinations of creen and stress
relaxation are incorporated in the program.

Output from the BOPACE program provided histories of stresses and strains
and their multiaxial component parts (elastic, plastic and creen) -
throughout the finite-element model of Section 4.0. These results were
evaluated to define times and Tocations and magnitudes of maximum
strains, strain histories, and isograms of effective strains at critical
times during the operating cycle. The critical times (times of occurrence
of maximum effective strain) were approximately 1.85 and 3.50 seconds

for all cylinder configurations. Thus the critical time period
encompassed the engine burn phase and included portions of the start

and shutdown transients. During the critical time period, strains
generally went through a complete reversal throughout the inner wall
region. A summary of maximum effective strains is presented in

Table 6.0-1I.

6.1 STRUCTURAL ANALYSIS RESULTS

Results of the structural analyses were summarized by means of strain
and temperature histories of the critical region in each configuration.
The critical region is defined as the finite element exhibiting the
maximum effective strain range during the operating cycle. Strain
histories for radial, circumferential, and axial components are also
shown. Since histories are presented, the times at which maximum
strains were observed are also defined for the operating cycle. The
critical times which occurred during start and shutdown transients
generally coincided with times of maximum temperature gradients in

the radial direction.
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6.1 (Continued)

The histories of component strains do not present the total strains in
that thermal strain is not included. The reason for this method of
presentation is that the plotted values were the quantities used

in computing the total effective strain (equivalent uniaxial strain)
from the equation

N T

t}2
r Z N VA

(6.1-1)
where subscripts r, 6, z denote radial, circumferential and axial

strains respectively and superscript t denotes total cumulative strain
defined by

et = r P Ly eT. (6.1-2)
Here superscripts e, p, c, T denote elastic, plastic, creep and thermal
strains. Since the materials were assumed isotropic in thermal strain,

this quantity cancels from equation (6.1-1). It should be noted that

since the total strain in the axial direction must be zero for the
plane-strain model, the thermal strain histories are simply the negative
values of the histories shown for the axial strain component.

The critical strain and temperature data are shown in Figures 6.1-1
through 6.1-29. The time origin of the histories of strain and tempera-
ture is at the beginning of the initial thrust chamber cooldown from
294°K. Since the initial cooldown was used only to carry the thrust
chamber cylinder to the beginning of start transient, the same initial
temperature-pressure increments were used for all cylinder configurations.
These initial cooldown increments provided satisfactory convergence
within the BOPACE program; experience has shown that more rapid con-
vergence to the deformed configuration is achieved when temperature
increments of < 65°C are used in the BOPACE analysis. The total tempera-
ture change during initial cooldown of the cylinders was 249°C. Thus,
several loading increments for initial cooldown were necessary. Since
the behavior during initial cooldown of the cylinder is time independent

6-2



6.1 (Continued)

and temperature gradients were not expected to differ significantly
from configuration to configuration, the conditions at the end of
this period depend only on the model and the convergence criterion
required to follow the monotonically decreasing temperature to the
beginning of start transient.

A sampling of strain and temperature histories of finite elements
within the high strain region of the cylinder configurations is

shown in Appendix C. The high strain area within the cylinder model
is the inner wall.

6.1.1 Strain and Temperature Histories

The histories of strain in the critical region of baseline configuration
P.0 are shown in Figures 6.1-1 and 6.1-2. The critical region is
element #131 located at the centerline of the coolant channel on the
channel surface. The maximum effective strains shown in Figure 6.1-2
were 1.31 and 2.21 percent at 1.85 and 3.50 seconds respectively. Thus
the computed cyclic strain range in element #131 is 3.52.percent.

The temperature history of element #131 is shown in Figure 6.1-3 which
shows that the temperature in that region increased from 600°K to 700°K
between 1.85 and 3.20 seconds then decreased to 100°K at 3.50 seconds.
This temperature history applies to all configurations except P.1 and
P.2 since thermal properties were invariant for all but P.1 and P.2.

The critical strain range was applied to the fatigue curve for half-
hard Amzirc shown in Figure 6.1-4. The predicted cycles to fracture
in element #131 of P.0 is approximately 600 cycles.

Shutdown was the most damaging phase of the cycle for P.0 as evidenced
by the magnitude'of peak strains and the presence of a region of

high strain extending diagonally across the inner wall from element #8
on the heated surface to element #131. This band of high strain is
indicated by the shaded region of Figure 6.1-5. The effective
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6.1.1 (Continued)

strains within this band are shown in Figure 6.1-6. It was observed
that a relatively large gradient in effective strain range (approximately

16 percent per cm) developed in the band extending from element #65
to element #131. Element #131 is expected to be the "point" of initiation

of a Tow-cycle fatigue crack, but because of the large gradient in
effective strain range, it is difficult to predict the number of cycles
to a through crack condition. This is because the fatigue curve was
established from test data for uniaxial specimens with homogeneous
strains in the test section. Thus cumulative low-cycle fatigque damage
was uniform within the uniaxial specimens. Cumulative damage is not
uniform throughout the inner wall of P.0 and through fracture of the
inner wall will depend on the rate of crack growth from the small area
of element #131. (Note: The area of element #131 is 0.0094 square mm,
or approximately 0.7 percent of the area of the inner wall model).

Predicted creep behavior of element #131 is shown in Figure 6.1-7.
Element #131 creep data are representative of computed time dependent
strains throughout the inner wall region of all cylinder configurations.
Since creep strains were three orders in magnitude smaller than

total effective strain, creep has a negligible effect on Tow-cycle
fatigue 1ife of the cylinders. Also, creep is expected to remain
almost constant after the first cycle because of hardenina and the

fact that unloading during the cooldown transient happens so rapidly
that measurable creep reversal will not occur.

Strain and temperature histories for all other configurations are
presented in Figures 6.1-8 through 6.1-38. The results are similar
to those computed for P.0. Peak strains occur during start and shut-
down transients at times of 1.85 and 3.50 seconds. It was observed
that peak strain rahges for all parametric configurations were lower
than the computed value for the baseline.

6-4



6.1.1 (Continued)

Strain and temperature histories at two different locations are pre-
sented for configurations P.2, P.3 and P.4. This was done to show
conditions at the critical region which was different than element
#131. Strain and temperature histories are also shown for element
#131 of these three cylinders for comparison with baseline data. It
is seen that shutdown was the most damaging phase of the cycle for all
configurations except P.2 and P.4.

6.1.2 Variation in Strain with Change in Parameters

The parametric effects on maximum strain range of the various con-
figurations are summarized in Table 6.1-1. It is seen that all variations
of material properties considered in the parametric study resulted in a
reduction of the maximum strain range with respect to the baseline case.
The reduction ranged from 2 to 51 percent, but this does not mean that
all changes in the material variables result in decreased low-cycle
fatigue damage and increased cyclic life. For example, the 52 percent
decrease in average thermal conductivity for case P.2 resulted in an

8 percent reduction in maximum effective strain. Closer examination
showed, however, that temperatures were higher for P.2 and also that
strains throughout the inner wall region were significantly higher

than in P.0 during start transient. Thus the effective strain range
was more uniform as well as higher in the entire inner wall region
which means cyclic damage is more extensive in P.2. These results

in addition to other parametric effects are reviewed in more detail

in the following paragraphs.

Thermal Conductivity Effects

The variation in maximum effective strain with thermal conductivity is
shown in Figure 6.1-39. The high thermal conductivity case (P.1)

resulted in a decrease of 26 percent in maximum effective strain range
with the greatest change occurring during shutdown. In addition, the
thermal aha]yses showed an 8 percent decrease in peak temperatures of
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6.1.2 (Continued)

P.1 with respect to P.0 (Appendix C). A comparison of the strain field
at the critical times is shown in Figures 6.1-44 and 6.1-45 which pre-
sent isograms of effective strain. It is seen from the isograms that
the P.1 strains are lower than P.0. Thus cyclic damage is less severe
for the high conductivity case.

The Tow conductivity case (P.2) resulted in a decrease of peak strain

and also caused a shift in the critical region from element #131 observed
in P.0 and P.1 to element #10. Element #10 is located at the centerline
of the rib on the heated surface of the cylinder. The computed P.2 data
showed only an 8 percent decrease in peak strains while peak temperatures
increased by 27% over the baseline case. The jsograms show that while
the peak strain range decreased by 8 percent, the deformation in P.2

was more uniform in the inner wall region and significantly higher during
the start transient. Although the effective strain range was lower

in P.2 than the baseline, the Tow conductivity case appears to be

more damaging because overall plastic flow in the inner wall was greater
for this condition. Also Figure 6.1-39 indicates that P.0 may not be

the maximum point of the strain range curve since the slope is relatively
flat between P.2 and P.O.

In summary, the thermal conductivity parametric study indicates that
increasing the conductivity of half-hard Amzirc is beneficial to the
life of the plug nozzle cylinder. Both temperatures and strains
decreased with increasing conductivity. Decreasing conductivity, how-
ever, is detrimental to fatigue life of the Amzirc cylinder.

Thermal Expansion Effects

Thermal expansion effects on maximum effective strains are shown in
Figure 6.1-40. An increase in the coefficient of thermal expansion

by 20 percent (P.3) caused the maximum effective strain to decrease by
14 percent and to cause a slight shift in the critical region. Element
#133 was the critical element in P.3. The greatest effect on P.3
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6.1.2 (Continued)

strain occurred during shutdown where maximum effective strain decreased
32 percent over the baseline.

A comparison of isograms for P.0 and P.3 in Figures 6.1-46 and 6.1-47
show that inner wall strains are generally larger during start and
shutdown in P.3. Thus overall cyclic damage is greater in P.3 and
since the peak strain ranges are nearly the same (3.0 percent in P.3
and 3.5 percent in P.0) an increase in the coefficient of thermal ex-
pansion appears detrimental to fatigue life.

The most significant effects observed in the parametric study occurred
when the coefficient of thermal expansion was reduced 20 percent over

the baseline. This configuration (P.4) exhibited a 51 percent decrease -
in the maximum effective strain range with respect to P.0 under the same
operating cycle. Also, the critical element in P.4 was element #10. The
greatest effect of P.4 strains occurred during shutdown where the maximum .
effective strain decreased 80 percent over P.0.

A comparison of the isograms in Figures 6.1-46 and 6.1-47 shows that
decreasing the coefficient of thermal expansion is definitely beneficial

to fatigue life. Strains throughout the inner wall of P.4 are significantly
lower at the critical times.

Modulus of Elasticity Effects

The variation in maximum effective strain with elastic modulus is

shown in Figure 6.1-41. The configuration with the increased modulus
(P.5) exhibited a peak strain range 14 percent lower than the baseline
for the same pressure-temperature loading conditions. The critical
region in P.5 was element #131 where the greatest effects occurred during
shutdown. Effective strains decreased 23 percent during P.5 shutdown,
but there was no variation in strain between P.0 and P.5 during

start transient.
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6.1.2 (Continued)

A comparison of the P.0 and P.5 isograms shows that their effective
strain fields were nearly the same. The principal difference between
the two configurations is the region of maximum strain at shutdown.

Configuration P.6 wherein the elastic modulus was decreased by 20
percent over the baseline exhibited a 24 percent decrease in maximum
effective strain range. The critical element was #131 where greatest
effects were observed for the shutdown transient phase of the cycle.

The P.6 isograms show a general decrease in effective strains at the
critical times. Also the strain gradient during shutdown is not

as severe as for the baseline. It appears that a decrease in elastic
modulus is beneficial to fatigue life and second in order of most
effective parameters studied.

Poisson's Ratio Effects

The effects on maximum effective strain caused by varying the elastic
value of Poisson's ratio are shown in Figure 6.1-42. An 18 percent
increase (P.7) of the baseline value, 0.34, caused the maximum effective
strain range to decrease by 10 percent.

A decrease in Poisson's ratio (P.8) of 26 percent caused the maximum
effective strain range to decrease by 23 percent. The most
significant effect on P.8 occurred during shutdown where element #131
effective strain decreased 36 percent over P.0.

A comparison of isograms for P.0, P.7 and P.8 indicates little difference
in the general strain fields. Thus the variation in Poisson's ratio

does not appear to have a large effect on computed structural behavior

of the cylinder.
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6.1.2 (Continued)

Yield Strength Effects

The variation in maximum effective strain with yield strength is shown
in Figure 6.1-43. For the purposes of these analyses, yield was
defined as the points of deviation from linearity in the stress-
strain curves in Section 3.1.

In configuration P.9 the temperature dependent baseline yield strength
was increased 25 percent. This change resulted in a 17 percent drop
in maximum effective strain range with the greatest effect occurring
during shutdown. The decrease in effective strain within the critical
region, element #131, was 30 percent for the shutdown phase. A com-
parison of isograms shows that effective strains are essentially un-
changed for the start transient, but there is a significant decrease
in effective strain during shutdown. Thus an increase in yield
strength reduced plastic flow during the operating cycle.

Configuration P.10 was analyzed for the case with a 25 percent
decrease in yield strength. P.10 results were essentially the same
as critical strains and strain fields observed in the baseline.
Examination of the isograms shows that start transient strains were
somewhat lower than the baseline and strains during shutdown were
sTightly greater within the inner wall region. The effective strain
range appears to be approximately the same for P.0 and P.10. It is
ndted that this behavior was not expected; more extensive damage

and plastic flow was anticipated for the P.10 confiquration. A
possible cause of this result is that although the yield point was
reduced 25 percent, the shapes of the temperature dependent stress-
strain curves for P.10 were essentially the same as for the baseline
case. Thus stiffness of the P.10 and P.0 models was approximately
the same. A better choice of material nroperties for the P.10
varameter would have been the properties of fully-annealed Amzirc.
Then the effect of decreasing yield strength would have been clearly

demonstrated.

6-9



9v"€
L8°¢
¥9°¢
L1°¢
€L°¢
L0°€
6V’ L
89° L
SL°¢
86°¢
e
€¢°¢
6G°¢
AT

(%) 39NV
NIVYLS 3JAI1I3443

Le ¢
raTl
8E°1
v8°1
op°1
0L°1L
9¢°0
Ev'0
XA
AT
8470
vL°0
0v° 1L
A

"J3S 06°¢€ = JWIL

"Y1vQ INIT3ISYE HLIM NOSIY¥YAWOD 404 G3ANTONI INIWITI SIHLx

271
€erl
921
€e’l
ge’l
et
eL-t
§2°1
AT
97 1
68°1
6v°¢
6L°1
et

"J3S S8°L = JWIL

(%) NIVYLS 3AILI3443

JIANITAD ¥31N0 40 73A0W INIAIFTI-ILINI4 NI
SNIVYLS JATLI3IA4T WAWIXV 40 AYVHWAS

LEL
LEL
LEL
Lel
LEL
LEL
€L
ol
x1EL
gel
€L
ol
LEL
LEL

ON "Q°I
IN3IW3T3 WIILINI

I[-0°9 378Vl

oL°d
6°d
8°d
L°d
9°d
G°d
v'd
v'd
€°d
€°d
¢'d
Z'd
L°d
0°d

NOILYYNII4INOD

6-10



0°d NOILVYNOIANOD ‘LEL# INIWITI “3WIL "SA NIVULS L-1°9 3¥N9I4

. B f.,x .“H.r TH M‘ xx,.;. ,m( T B (I.N
o A R A e T
aRHE R i T T
: .W : ek i rpetgeil]
i e
AT 1
i I g el i
iy NEEeEEN * 151+ 313 R RN
it Eaibia riududipusubn s HH H3 H
. me — HAM_WI leu T ang i i i R R » Tl !
m .1 phifsiztestiaas M FH e T Y 1o° -
SIS t P R T T HHL
i1 PR M B : Reak
e i .
: R il
H A s Ti 1] LHE RS g HH s
L 1 lw M .+ pugw
TR £ 2 3 HHHEHE H H
] HITH H hag-zansfile
i T (SONOD i il
TR i i : Gigich
nhadn i 1
HilE m 1 50"y
T i EEissatesastshugasss s O
i 5 H: F H
ik ] H FELibanatuasangansssbunelasace
e H 3 H
a bei »i nw HH e .8
i i Jickcs
st L] it T HH
1 Ik A HH o H
SHIE i Hihiithe g i
S : 1R )55 1 RIS T | o
1t w it Ry M s T 0°1L
: i Ll itill
1l I EBREgRifEEian H
t Ak i 5
{] i “n] St L
ps 44
m o (NIVELS TWWIML
fher
g 30NTONI LON 0O SNIVMLS ININOAWDD)
NIVHLS TWIXY oo
¥
: NIVYLS TYIINTUIIWNIYI) ——= =

NIVYLS WIGYWY ——————— 0°¢

6-11

(%) NIvyls



hel

0°d NOILVYNOIANOD “LEL# INIWITT “IWIL "SA NIVHLS JA1LI3443

(SANDD3S) IWIL

2-1°9 34N314

0"l

0°¢

T
~ - T
et it +
poey 1 T
0 I 1
e +
1.
> ; T
T it
g I i-4-4-4
1 1
- o et
: T e
irft
: 1
. T
gy N SONEY B
H
= R T
Ht 1
Ti Lﬂ ST
It H
t 1
+
- 4
)
g
R e T HH o I
H eTe 3 L wal
1 NENBST RONRPBEERN NN
1] = . E: » 298
" : :
. *. Aghy g
vy - Iy s
pays aREan’ aF : HH
oy 27 snd niup g o
- * “
=n 2s Segags
e T
=4 [} t
H : + » % ~tat .
3. i i -t 1 -« 1 w " \,m w ¥
} 1 — 1 T [} T 1 ¥ T )
T K anjidstisnyat pLoRELines Ennasfeon RaRHEEE : i

(%) NIVMLS 3IAILIII4T

6-12



0°d NOLLYYN9IANOD ‘LEL# INIWITT “3WIL "SA JWNLVEIdWNIL  ¢-| 9 ynor4

(SANOD3S) 3INIL

B 1
il i
AT
545 : B i Bseist s N 002
| isaiN PR X
!
] B FEE 28
Y HHOOY
s T : -
it 3t : reabiisletinliad
i 3 i (] HiH]
i e i g H
; 3 i AESEeE
“ = i ‘zm i HH i
i ] il e H HHT
: _ i i T gl
M 11 i1 J\,.\‘Hu T o .., - mwlm” oow
v stk s I RS it
A i HitF g if*_ aREbesidesl H1 Mx Bebyd s
T T e 0001
A LT H4 gun b friettd
e Elifbistlibte st st Catlaii g PR
s L T H T B e
A—_,r 41 X 1113 4 L - n
R T |
eI FITTEY p ST
oSS Eadie Rod 1 i it
e KR TR Rk nlpa e bl 00% 1

(¥o) FUNLYYIdWIL
6-13



10 i

NG | L
S NS L i L
- » \‘~\\‘.jf"‘S._ | 2 §
J\\. 1S
c ok L TSN
g - .ﬂ\ I
a T ——
S R | \\ ~;
u oL | e
= 10 ; [t
= :
= ".————1/2 HARD CONDITION (REF. 1)
“ | FULLY ANNEALED CONDITION (REF. 2)
| i
L
L é
. |
107 e , -
10 103 1o

CYCLES TO FRACTURE

DATA ASSUMED TO APPLY TO:
1. Temperature range of 290 to 810°K.

2. A1l environments.
3. Effective or uniax

FIGURE 6.1-4

ial strain ranges.

TYPICAL LOW CYCLE FATIGUE LIFE OF AMZIRC

6-14



226 225 224 223 222
2211 220 219 § 218 217
216 2151 214 2131 212
210 207 N, 204 201 198
21l 2094208 206\ 200N 203 202 20038199 197
196 195 194 193 192
190 187
191 189]188 186
185 184
ib¢ 179
183 j8ijisgy 178
177 176
174 171
175517301723 170 |
169 168
[ ¢ 3 led . S
i b )
i 300 @154
VS s EEL 150
129 i4nfrar i35
14 3144
5 4 140
R, B 1) 136 135 134
12y NG V45 10 126 129847 1268
Ty 115 A7 /0116 S R115 R4
iy, [ Tips Vsl 106 109, 104
Y, G an 97 6 I
» ‘ 4 47 86 85 82 Rl
ap ] TR 7 2 Ty
" A 6/ 66 63 &¢, ot
b Y 52 &1
- 4 41
4 P4 32 n
s} 3 22 2!
12 11

FIGURE 6.1-5 REGION OF MAXIMUM EFFECTIVE STRAIN
RANGE IN CONFIGURATION P.O



103 172 122 131

84 93

74

65

55

27 36 46

17

8

(%) 39NVY NIVYLS 3IAILI3443

T
i
i
pesip
i
ﬁﬁ
H
L.A_ geasdoniidRiosiatat :
il il “
HHTH H !
BRI il
MY SUNEE e g 1 T 1] HH
EI R I el At safeinadi
tPL u.,l\. . Adn 4 . . H 1144 L]
:», Hh i w £o: g HH T
R jREsiEEt eI, i 3 HHH
i ,.«p;_‘_ ik i a5 il
HA R R e T FHER T
Tt «, . x_ ]
TR it T
R R L g
mL%mL Hi wtﬁ;fmw H |
@ o
o~ .
—

ELEMENT NUMBER

IN REGION OF MAXIMUM STRAIN IN
6-16

VARIATION IN EFFECTIVE STRAIN RANGE
CONFIGURATION P.O

1-6

.

FIGURE 6



T I

i

1.0

(%) NIVYLS d3T¥D IATLIT447

0

1

5.0

4.0

3.0

2.0

TIME (SECONDS).

FIGURE 6.1-7

EFFECTIVE CREEP STRAIN, ELEMENT #131, CONFIGURATION F.2

6-17



i w u i TTI =TT
U R DA A T 1yl e st + —d
2oy PR o H o3 f 3
Iy aaann: ; £ ol Sngue T TR

= 1 T sau: 4 o

S Sua e R gans L

I3 g ot

fpiihg v
+ = "

iy il e s
o 2 2 0
gt
I
T
1T 1
i+
+r
T
T
T

F
‘r
jsps

TIME (SECONDS)

paa

P &
1
i
T
I
. T 1 T T il ,k
-1 L 3+ T L T T 1
TOH Iy INSas =g v T T d
pas T ru 17 : 1 E
' + + na 1 T . Lad .
i 1 1 T T : T E
i : Frr e i Ia: & 2
" iseksuRs Jast n 5 = ]
L 4+ .
1 s cgsn; T r T & = el
- T e pums s yag e - poed ]
o mas it L -
1 s T + ol 4
7 i > 4| T 4
s ' 23 z
T =
T i f + ¥ o b
= } T T ¥ O 3
. e B T -—
11 m ! f - 3
T 1 t T T THH S we 3
T T 1 T 1 T ]
! T T o Tarnes! i =
T+ - 0 L 1 § g 1
e + ]
1 T 1 b T 1
s " : +t g t t Lad § (72}
i aw s s il P ﬁ - E
T
t eadan : b I =
+ .
] e T s taus . Uy g
T
) Fwi % Y + z z
o t 3 —
. } : H Oy 2 :
T 3 b
; S e . : = O X g
1 f 1 i1l - ¥ £ O »re -
HH t hTi] T 3 t - N
+ : -t D€ e o
= '11 é :
+ T ZW:
uauya 1 : O << z
i i : E
: tr e wed -
jn T
T T 2 T + T (=] .
T T T ; T T .
1 T - i’ et T T M
T T pai'e _
T (maws e ds 1 I
: T :
T > t T -t t o tad
s t n T k.. T T _
: : T T STsTaiiusastes 2 QT
E ;i .
LE T 12 3. T -
T ! asat e 3 ; t | =~
T et + s : + i T :
- a i 1t " s vt Ty t + t .
e kS T LR : ’l' i I { + .
8 e + T
= + T T Eas, aavaasem 1 : :
+ T + Hort T T AT i~ - :
5 1 En A I T 1 1T AN
1] 1 i3 T 3 H Y 17 4 i e 1 T
T T S me i I DL L + t Ing: " -
T + T
1Ly il na i + 17 IARE ER1 Tl o i T L
I T {'X L l: 3 ki b2 %1 2 : { L 5 by I 1. }l: e}f \': 7 l; {ii
- o i s S mameis Gl s GEwes ki u1 + : Pk e T mm e naG: Pttt HE

(%) NIVYLS
6-18

STRAIN VS. TIME, ELEMENT #131, CONFIGURATION P.1

FIGURE 6.1-8



(%) NIVYLS IAILD3I443
6-19

T
H :
¥
1T
] 3
+
T
s
3
I
+ T
T T T T b
paey b : T L 1
44 t : 1
b e Inaiei t !
<+t T t
pa t T
T =
i T T T
: e S Eaig
: Pt T
T T p + " T3
T pm s t T t
wt ! T +
HH t T 1
Ty T T :
aes8ussEEas: , Ana:
ISR AR gt 3 T
- HH T I
T i s :
Pt T
T T 1w 2
t T T
1 15 Bnu T
T TN
seaann: T I T c
T e T T
" tt + n "
1 T A t
1 it T L Y
+ : -+ 5 T
s} T 1 T
e 3 t imau 1
T :
£ > : 3
.
—

1.0

TIME (SECONDS)

EFFECTIVE STRAIN VS. TIME, ELEMENT #1371, CONFIGURATION P.]

FIGURE 6.1-9



st

(¥o) FUNLYYIdWIL
6-20

TIME (SECONDS)

TEMPERATURE VS. TIME, ELEMENT #131, CONFIGURATION P.1

FIGURE 6.1-10



L9 34NII4

2°d NOTLYINIIANOD ‘OL# INIW3ITI “IWIL 'SA NIWYLS Lt

Qm-g :
] BRI P
$3 it H :
aljslisiaibeages H P
B i O
1 . NERRSERE uRaky xrri.IL HiH HH
Hai et 18 H
:_J H NNE
|.ur H 8 i mm“ﬂﬂmmmmmﬁmmmmmmm mmmﬁmmmmmmmmmmﬂﬂnnmnm
i i io'z 0L
i T H by O
I H ..71:,7,1,;; .w e i .rnukw s HE ascsaierznadss ..H!
| T w o h R e e H : H
! i Bl e
_M i * 3 E§eaid tEpet i R R T R T R R HiF R
i Hsea T T T T e B e T e T E
% i
= i i
i g
i1
1
(NIVELS TYWNIHL _ i
JANTIONI 1ON 00 SNIVYLS ININOJWOI) i

NIVYLS TWIXY ————— & ]
NIVHLS WIINFYIIWNOYID ——=
NIVYLS T¥I0WY

(%) NIVYLS
6-21



e B P sl B ..
b . Eae Ss nnERp—— .
tEoT Tr paas s gadusbusas s gy :
[Rauessay: L s RGN ? IS - frape ey e . .
I T 2 159 T
- P . -
T
i3
e
)
T
s 1
T I
Tt
i
T
" !
t RS
1T i t ¥ t ; =
b s Oy + + + eaSy bl e i T Fod bt D bt I PG Fpa )
Y o + T bt - : M P/ S ot
L T + + + - U R . : L
3T e & i : o —+- T Hr et SESS Pt EERE SRR
ity s 1 { N i )
0 1 e .
PG andnus T . \
[ S s - N i
s g 1
1 } T
* ¥ L
T T ]
t b
1
T "
uo
it 3
e
1T "
e i ¥
!
-t
Tt "
1 3
1
1
W
il 2,
P AR S o 5
T }
N Y
o
I
FH
(GRS B
I &
\wRa iul
1) 1]
T 3 +
u ") 3
¥ -
i g
¥ RS
¥ T
T+ +
T e
T
s T
T I
ot
1
T
11
T
s
T
e
AN )
i Y
1
T
manmma
)
)
T
T
T T
T
"
+
T T
T
Tt
T
T T
T 1 L T It
tr +t e T
L] 1 3 L1 L IS kY i3 i 3 3 I
1 1 ¥ i $ Tt 1 saai +
T t T ) smuns T
T T T H PR 1 3
T I i ; I T I
1 I v ) I ISUE 1
T bt 1 s A
11 0 tHt ; ¥
T T : t T s + : t
ke : T 3 g 1 L O s 1T .
T H 13 1 3. i L} b i I LR 11 T pALl T L .-
It it "y T Tt T + T ¥
T T I T T pie ® 4 DEND ImaE o ut T [oage
i rs k) i L4 MY e T .
i T T : N B reas BaEy ; 3 .
T t ¥ s s Tt 1 aua; T o by
St T 1 ' o Ty t t T i s
T T ¥ (s ? 28 gou; SEp
(LN ) T T i + + 3 13 1 15288 P
7 T 1 1 T y T1 T T 13 T T rREDY SR
T ry )4 T 3 % jogs
+ T tat ; i
3 =y T 1 +y T T
T T T N N R f + : CRES R A
s T i T T T T
T t w1 I + T T T
T T ot T i T u: T
pibens iy e 1 * T
e S8 [Eens " T yau AW I
ju i+ k1 T 1 k3 P 3 n -
jus + el o 2 + + 1 SO Wt t :
o Tt T + + T T t H : T
T Tt T T T
+ T F O BB T : i i
T Rtma s + + T T -
o T yREs wus % S = ] o b
il " L 3 1 T A 1 M
. A I inEs Baw P2 1 T et e A I
[ T LIt b1 T IY S L1 1 T 1 s ki 1
i ¥ i s i : NGREAS LY BHQS
LT L0 e > T = T :

(%) NIVYLS 3IAILII44T
6-22

TIME (SECONDS)

EFFECTIVE STRAIN VS. TIME, ELEMENT #10, CONFIGURATION P.2

FIGURE 6.1-12



2°d NOTLVANOIANOD “OL# INFWITI “IWIL “SA IANLYYIdWIL el-1"9 34n9Id

(SAN0J3S) INIL

0
002
e 00y
W HHHHE i
v H ]
li i e LR FEE R R e HHE
: H , flE ey o L
b i 3 JSescaNsensii R shngls . L 4
MM L& + X “, H M,.M E - 4+ -1 -t oom
4 ; £ Hig dibed i ieseeatnd
1 1 i T yraeabepntrsgaseanss FEH
t u:w H i i sngybaga [EgEar
THTHE 11 T SEIIEIALARERRE beNe H
ti 1 a ubgidnn SHfpasgdatey Eitiseie
B T s " (FEE& I 2
i : R e st i : Hh i ]
by 1 e £ - ™ Hi141 H cow
T B8 wfu T GO R TR bt -
Bfecigd Rl Elrh b T L 1
v il A SR AR e T T gieabaiiisnass i H
FHiak HH i ,.L:,Lr, it A HHH BEgas T
i 51 MRt LEaassansaql igsustantagistaunasdpagiani a8, :
i i Hed i1 i H ,A_r R b T
: i B3 EcHESUES! ERadtssaanss E33EsE i
ih it { e 15 R TR 0001
: i H FEiaRSENERAzEE R HIE sEisgananssqatbaanitantasintic ] HH
o e L?w. ” Bl g Sddnadink 1 L
i T ] HREstI ERte) T R R T e T
WH‘: ;44 1».1# : e B e i e 11 H
1 1iH zm i ”,» il H il f R m Rl ite
T ST g 1] i 3 AT
_ il e cit : HEH ettt 00zL
1 oh R i it R P i
: BEH = : ; Lt Hit I PR §3EEsRizas
q BN it : I T BT R PR T HE :
h ”;,_M i : g5 *, 1y Hn,,.uw l =il ingat ,KT Nm HaE H
t i SR SRINA TR T
‘ﬁ\ ¥ - ﬁ_~ rﬁ L1 44 {4 ] H & 47 {4 4 —
: i : T g 1
: ; : - 001
il i FHHAH B H
i L e i Tt
w_ 1l
0091

(¥o) TUNLYYIdWIL
6-23



2"d NOTLYYNDIANOD “lEl# INIMIATI “IWIL "SA NIVYLS p-1'9 F4noI4

[

w.

3

+1

I

o

iR

11

|

(NIVYLS TYWI3HL 3d0nT) R TR

NI 10N 00 SNIVYLS ININOAWOD) L i
NIVHIS WIXY === == e w

NIVYLS TYIINWIIWIYI) = il HEHHIHHIRE
NIVdis wiovd SHHHH it i |

0t

6-24



2°d NOILYYNDIANOD °LEL# INIWITT “IWIL "SA NIVYLS 3IAILI3443

(SaNODI3S) INIL

SL1-179 34n914

0°1

. » L] L]
0°§ 0 .02 0L
— - o L S ERR E R R B
RS D N T I o PR i e O ey
. u ¥ puyi SRy salgus
e “ : R
RIS T : 1 Hfyer
RS SRR TR R 3RLE H SSpensB=xkeRRSONEARRAL
o S3eESusin I g 424 13 344
i LL L s : L
THHE B
T ]
Radiss nH S
MR A e 8 EH T
iniacilndod R
HiE gak ERREIzEad H HH . A
~|u_xu..wrv .| u.”_ & 1Y H HH *x. s 7 lvi. i ENuoN 141
‘t ¥l H :_u w SpRa 13 saniugngy " L3 LR T T T L4
3 r: t 1] N SRR B THBETEHH A u,an 1 R ryghe e nBaE NP S ARUNE Fanw 11
JEt H H b T H A R R R i p R B J( HE L e T
15t H | 1 bbb R R e R tht ek e
T ! T R T R , :
AT uinkyhsisyaisasiag 1 (m -} HHHH 5 W 1 7 . anguy
S m 1 aeugy T f. 1 1[4x1m4 5 ' PO i [T
J1H H H1H R T e i 1 - R
MH THHH = apus uaapaning L#, (3T 1t | tid L.r; L L]
E H siEspiteRee e T T T T TS
T S d aslsfsipayaspatindl L LR u_‘ dsiSaasdbeh 11 AuspngpauyRuan.
g AL ol Bt A H T b
il i HHHiE i
HH g nEer ity : Szeeesyezpracs 3 EHE
‘_ it illiistitin ‘ i

0°¢

(%) NIVYLS IAILDI443

6-25



ddeddgd bar g
i

NOQU TS B

T T

.

e

ST

6-26

TIME (SECONDS)

FIGURE 6.1-16 TEMPERATURE VS. TIME, ELEMENT #131, CONFIGURATION P.2
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TIME (SECONDS)
TEMPERATURE VS. TIME, ELEMENT #10, CONFIGURATION P.4

FIGURE 6.1-24
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TIME (SECONDS)

EFFECTIVE STRAIN VS. TIME, ELEMENT #131, CONFIGURATION P.4

FIGURE 6.1-26
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TIME (SECONDS)

EFFECTIVE STRAIN VS. TIME, ELEMENT #131, CONFIGURATION P.5

FIGURE 6.1-28
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TIME (SECONDS)

EFFECTIVE STRAIN VS. TIME, ELEMENT #131, CONFIGURATION P.6

FIGURE 6.1-30
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TIME- (SECONDS)

EFFECTIVE STRAIN VS. TIME, ELEMENT #131, CONFIGURATION P.7

FIGURE 6.1-32
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TIME (SECONDS)

EFFECTIVE STRAIN VS. TIME, ELEMENT #131, CONFIGURATION P.8

FIGURE 6.1-34
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TABLE 6.1-1 SUMMARY OF PARAMETRIC EFFECTS ON
MAXIMUM EFFECTIVE STRAIN RANGE

PERCENT CHANGE PERCENT CHANGE IN MAXIMUM
CONFIGURATION N PARAMETER EFFECTIVE STRAIN RANGE

P.1 +22 -26

P.2 -52 -8

P.3 +20 -14

P.4 20 -51

P.5 +20 ‘ -14

P.6 -20 -24

P.7 +19 -10

P.8 -26 -23

P.9 +25 -17

P.10 -25 -2
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7.0 CONCLUDING REMARKS

The parametric study revealed one consistent effect from all parameters:
any change assigned to a material variable resulted in a reduction in
the computed value of maximum effective strain range with respect to

the baseline configuration. The reductions ranaed from 2 to 51 nercent,
but this does not mean that any change in the properties of Amzirc

is beneficial to fatigue life. For example, although the cyclic damace
in the form of effective strain range was essentially the same in

P.10 as in P.0, Figure 6.1-4 indicated that tolerance for damage in P.10
is less than in P.0. This figure shows that if the material condition
is changed from half-hard to fully annealed the number of cycles to fractur-
decreases for strain ranges greater than 1.8 percent. It was concluded
that configurations with yield strengths lower than the half-hard

baseline case would consistently fail under fewer cycles than the baseline.

It remains for future analysis and tests to reveal the effect of all
parameters on structural behavior and low-cycle fatigue 1ife. Obviously
the parameter easiest to investigate is yield strength. Variations

in yield strength of Amzirc are obtained by changing the amount of cold
work. Reference 1 states that the material is readily cold worked

in the solution-annealed condition, and the strength of the material
increases with the amount of cold working without sacrificing ductility
or thermal conductivity. Material conditions between fully-annealed
and full-hard should be assessed to provide material properties

which characterize Amzirc for thrust chamber operating conditions.

Then the optimum hardness could be selected for a thrust chamber
design.
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TABLE B-I  NODE IDENTIFICATION NUMBERS AND
COORDINATES OF THE OUTER CYLINDER
FINITE-ELEMENT MODEL

, COORDINATES
NODE I.D. NUMBER RADIAL (inch) CIRCUMFERENTIAL (degree)

1 1.300 0.00
2 1.300 0.25
3 1.300 0.50
4 1.300 0.75
5 1.300 1.00
6 1.300 1.25
7 1.300 1.50
8 1.300 1.75
9 1.300 2.00
10 1.300 2.25
M 1.300 2.50
12 1.305 0.00
13 1.305 0.25
14 1.305 0.50
15 1.305 0.75
16 1.305 1.00
17 1.305 1.25
18 1.305 1.50
19 1.3056 1.75
20 1.305 2.00
21 1.305 2.25
22 1.3056 2.50
23 1.310 0.00
24 1.310 0.25
25 1.310 0.50
26 1.310 0.75
27 1.310 1.00
28 1.310 1.25
29 1.310 1.50
30 1.310 1.75
31 1.310 2.00
32 1.310 2.25
33 1.310 2.50
34 1.315 0.00
35 1.315 0.25
36 1.315 0.50
37 1.315 0.75
38 1.315 1.00
39 1.315 1.25
40 1.315 1.50
41 1.315 1.75
42 1.315 2.00
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TABLE B-1 (CONTINUED)

COORDINATES
MODE I.D. NUMBER RADIAL (dinch) CIRCUMFERENTIAL (degre=
43 1.315 2.25
44 1.315 2.50
45 1.320 0.00
46 1.320 0.25
47 1.320 0.50
48 1.320 0.75
49 1.320 1.00
50 1.320 1.25
51 1.320 1.50
52 1.320 1.75
53 1.320 2.00
54 1.320 2.25
55 1.320 2.50
56 1.325 0.00
57 1.325 0.25
58 1.325 0.50
59 1.325 0.75
60 1.325 1.00
61 1.325 1.25
62 1.325 1.50
63 1.325 1.75
64 1.325 2.00
65 1.325 2.25
66 1.325 2.50
67 1.330 0.00
68 1.330 0.25
59 1.330 0.50
70 1.330 0.75
71 1.330 1.00
72 1.330 1.25
73 1.330 1.50
7 1.330 1.75
75 1.330 2.00
76 1.330 2.25
77 1.330 2.50
78 1.335 0.00
79 1.335 0.25
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TABLE B-I (CONTINUED)

COORDINATES
NODE I.D. NUMBER RADIAL (inch) CIRCUMFERENTIAL (degree)
80 1.3351 0.500
81 1.3351 0.750
82 1.3352 1.000
83 1.3354 1.416
84 1.3354 1.750
85 1.3354 2.000
86 1.3354 2.250
87 1.3354 2.500
88 1.3387 1.582
89 1.3419 1.410
90 1.3419 1.750
91 1.3419 2.000
92 1.3419 2.250
93 1.3419 2.500
94 1.3485 1.405
95 1.3485 1.750
96 1.3485 2.000
97 1.3485 2.250
98 1.3485 2.500
99 1.3517 1.750
100 1.3517 2.250
101 1.3550 1.395
102 1.3550 2.000
103 1.3550 2.500
104 1.3600 1.750
105 1.3600 2.250
106 1.3650 1.385
107 1.3650 2.000
108 1.3650 2.500
109 1.3700 1.750
110 1.3700 2.250
1M 1.3750 1.375
112 1.3750 2.000
113 1.3750 2.500
114. 1.3800 1.750
115 1.3800 2.250
116 1.3850 0.000
117 1.3850 0.500
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TABLE B-1  (CONTINUED)

COORDINATES
NODE I.D. NUMBER RADIAL (inch) CIRCUMFERENTIAL (degres
118 1.3850 1.000
119 1.3850 1.365
120 1.3850 2.000
121 1.3850 2.500
122 1.3900 0.250
123 1.3900 0.750
124 1.3900 1.250
125 1.3900 1.750
126 1.3900 2.250
127 1.3950 0.000
128 1.3950 0.500
129 1.3950 1.000
130 1.3950 1.500
131 1.3950 2.000
132 1.3950 2.500
133 1.4150 0.000
134 1.4150 0.500
135 1.4150 1.000
136 1.4150 1.500
137 1.4150 2.000
138 1.4150 2.500
139 1.4350 0.000
140 1.4350 1.000
141 1.4350 2.000
142 1.4550 0.000
143 1.4550 0.500
144 1.4550 1.000
145 1.4550 1.500
146 1.4550 2.000
147 1.4550 2.500
148 1.4750 0.000
149 1.4750 1.000
150 1.4750 2.000
151 1.4950 0.000
152 1.4950 0.500
153 1.4950 1.000
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TABLE B-I  (CONTINUED)

COORDINATES
NODE I.D. NUMBER RADIAL (inch) CIRCUMFERENTIAL (degree)
154 1.4950 1.500
155 1.4950 2.000
156 1.4950 2.500
157 1.5150 0.000
158 1.5150 1.000
159 1.5150 2.000
160 1.5350 0.000
161 1.5350 0.500
162 1.5350 1.000
163 1.5350 1.500
164 1.5350 2.000
165 1.5350 2.500
166 1.5600 0.000
167 1.5600 1.000
168 1.5600 2.000
169 1.5800 0.000
170 1.5800 0.500
171 1.5800 1.000
172 1.5800 1.500
173 1.5800 2.000
174 1.5800 2.500



TABLE B-II FINITE ELEMENT AND CORRESPONDING NODE
IDENTIFICATION NUMBERS OF THE OUTER
CYLINDER FINITE-ELEMENT MODEL

ELEMENT I.D. NO. NODE 1 NODE 2 NODE 3
1 1 12 2
2 2 13 3
3 3 14 4
4 4 15 5
5 5 16 6
6 6 17 7
7 7 18 8
8 8 19 9
9 9 20 10

10 10 21 : 17
11 13 2 12
12 14 3 13
13 15 4 14
14 16 5 15
15 17 6 16
16 18 7 17
17 19 8 18
18 20 9 19
19 21 10 20
20 22 11 21
21 12 23 13
22 13 24 14
23 14 25 15
24 15 26 16
25 16 27 17
26 17 28 18
27 18 29 19
28 19 30 20
29 20 31 21
30 21 32 22
31 24 13 23
32 25 14 24
33 26 15 25
34 27 16 26
35 28 17 27
36 29 18 28
37 30 19 29
38 31 20 30
39 32 21 31
40 33 22 32
41 23 34 24
42 24 35 25
43 25 36 26
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ELEMENT I.D. NO.

TABLE B-II (CONTINUED)

NODE 1 NODE 2
26 37
27 38
28 39
29 40
30 41
3] 42
32 43
35 24
36 25
37 26
38 27
39 28
40 29
4] 30
42 31
43 32
44 33
34 45
35 46
36 47
37 48
38 49
39 50
40 51
41 52
42 53
43 54
46 35
47 36
48 37
49 38
50 39
51 40
52 41
53 42
54 43
55 44
45 56
46 57
a7 58
48 59
49 60
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TABLE B-IT  (CONTINUED)

ELEMENT I.D. NO. NODE 1 NODE 2 NODE 3
86 50 61 5]
87 51 62 52
88 52 63 53
89 53 64 54
90 54 65 55
91 57 46 56
92 58 47 57
93 59 48 58
94 60 49 59
95 61 50 60
96 62 51 61
97 63 52 62
98 64 53 63
99 65 54 64
100 66 55 65
101 56 67 57
102 57 68 58
103 58 69 59
104 59 70 60
105 60 71 61
106 61 72 62
107 62 73 63
108 63 74 64
109 64 75 65
110 65 76 66
111 68 57 67
112 69 58 68
113 70 59 69
114 71 60 70
115 72 61 71
116 73 62 72
117 74 63 73
118 75 64 74
119 76 65 75
120 77 66 76
121 67 78 68
122 68 79 69
123 69 80 70
124 70 81 71
125 71 82 72
126 73 72 83
127 84 74 73
128 74 84 75
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TABLE B-II  (CONTINUED)

ELEMENT I.D. NO. NODE 1 NODE 2 NODE 3
129 75 85 76
130 76 86 77
131 79 68 78
132 80 69 79
133 81 70 80
134 82 71 8]
135 82 83 72
136 83 84 73
137 85 75 84
138 86 76 85
139 87 77 86
140 : 84 83 88
141 84 90 85
142 92 86 85
143 86 92 87
144 83 89 88
145 89 90 88
146 90 84 88
147 91 85 90
148 85 9] 92
149 93 87 92
150 89 94 ' 90
151 96 : 91 90
152 91 96 92
153 98 93 9?2
154 95 90 94
155 90 95 96
156 97 92 96
157 9? 97 98
158 99 95 94
159 95 99 96
160 100 97 96
161 97 100 98
162 94 101 99
163 101 102 99
164 102 96 99
165 96 102 100
166 102 103 100
167 ‘ 103 98 100
168 102 101 104
169 103 102 105
170 101 106 104
171 106 107 104
172 107 102 104
173 102 107 105
174 107 108 105



TABLE B-IT  (CONTINUED)

ELEMENT 1.D. NO. NODE 1 NODE 2 NODE 3
175 108 103 105
176 - 107 106 109
177 108 107 110
178 106 1 109
179 111 112 109
180 112 107 109
181 107 112 110
182 112 113 110
183 113 108 110
184 112 1171 114
185 113 112 115
186 3N 119 114
187 119 120 114
188 120 112 114
189 112 120 115
190 120 121 115
191 12] 113 115
192 117 116 122
193 118 | 117 123
194 119 118 124
195 120 119 , 125
196 121 120 126
197 116 127 122
198 127 128 122
199 128 117 122
200 117 128 123
201 | 128 129 123
202 129 , 118 123
203 118 129 124
204 129 130 124
205 130 119 124
206 19 130 125
207 130 131 125
208 131 120 125
209 120 131 126
210 131 132 126
211 132 121 126
212 134 128 127
213 . 128 134 129
214 136 130 129
215 130 136 13
216 138 132 131
217 127 133 134
218 135 129 134
219 129 135 136



TABLE B-TI (CONTINUED)

ELEMENT I.D. NO. NODE 1 - NODE 2 NODE 3
220 _ 137 131 136
221 131 137 138
222 133 139 134
223 140 135 134
224 135 140 136
225 141 137 136
226 137 : 141 138
227 143 134 139
228 134 143 140
229 145 136 140
230 136 145 141
231 147 138 141
232 139 142 143
233 144 140 143
234 140 144 145
235 146 141 145
236 141 146 147
237 142 148 : 143
238 149 144 143
239 144 149 145
240 150 146 ' 145
241 146 150 147
242 152 143 148
243 143 152 149
244 154 145 149
245 145 154 150
246 156 147 150
247 148 151 152
248 153 149 152
249 149 153 154
250 155 150 154
251 150 155 156
252 151 157 152
253 158 153 152
254 153 158 154
255 159 155 154
256 155 159 156
257 : 161 152 157
258 152 161 158
259 163 154 158



ELEMENT I.D. NO.

260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281

TABLE B-IT (CONTINUED)

NODE 1

154
165
157
162
158
164
159
160
167
162
168
164
170
161
172
163
174
166
171
167
173
168
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NODE 2

163
156
160
158
162
159
164
166
162
167

168
161
170
163
172
165
169
167
171
168
173

172
172
174
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TABLE C-1
CONFIGURATION P.O RESULTS

ELEMENT TIME CUMULATIVE STRAINS (%) TEMP.
(SEC) Er Ee €Z Eeff (OR)

1 .03 -.068 .040 .092 .095 419
4 ~-.067 .038 .092 .093 421
10 -.068 .047 .088 - .09%4 424
131 ~.079 .051 .098 W 412
1 .05 -.1 .0od .15 .16 346
4 -. 1 .062 .15 .16 348
10 -.12 .083 .15 .16 354
131 -.14 .088 .16 .18 333
1 .10 -.14 .057 21 .20 282
4 -.14 .055 .20 .20 284
10 -.15 .076 .20 .20 290
131 -.17 .079 .21 .22 272
1 .20 -.15 .008 .26 .24 212
4 -.15 005 .26 24 214
10 -.16 018 .26 24 218
131 -.17 021 .27 25 206
1 .30 -.16 -.040 .30 28 165
4 -.16 -.043 .30 28 165
10 -.16 -.037 .30 28 168
131 -.17 -.034 .31 28 160
1 1.65 -.17 -.15 .40 .37 50
4 -.16 -.15 .40 .37 50
10 -.16 -.16 .40 .37 50
13 -.17 -.16 .40 .38 50
1 1.665 -.13 -.16 .35 .33 107
4 -.13 -.17 .35 .34 106
10 -.13 -.18 .35 .34 104
131 -.14 =17 .36 .34 97
1 1.68 -.045 -.22 24 .27 244

4 -.045 -.23 24 .27 241
10 -.009 -.29 .25 .31 235
131 -.081 -.20 .28 2 196
1 1.685 .030 -.27 18 .26 315
4 .028 -.27 18 27 312
10 .053 -.32 19 .30 303
131 -.029 -.24 28 .29 249
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ELEMENT
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TIME
(sec)
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.19
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ELEMENT
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CONFIGURATION P.0 RESULTS (Cont'd)

ELEMENT TIME , CUMULATIVE STRAINS (%) TEMP,
(sec) €p €q g, €aff (°R)

1 3.45 -.30 .13 .19 31 298

4 -.50 .31 .19 .51 301
10 -.042 -.14 .18 .19 309
131 -1.91 1.85 .21 2.18 276
1 3.50 -.37 1 .28 .39 196

4 -.58 ' .29 .28 57 199
10 -.10 -.17 .27 27 206
131 -1.97 1.84 29 2.21 186
1 3.70 -.34 -.073 .36 40 104

4 -.55 .12 .36 54 104
10 -.058 .39 .35 43 106
131 -1.91 1.64 .36 2.08 101
1 3.90 -.3] -.17 .40 .43 50

4 -.52 .023 40 54 50
10 -.001 -.53 .40 .54 50
131 -1.89 1.55 .40 2.02 50

C-6



CONFIGURATION P,1 RESULTS

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) € €q €, Caff (°R)

1 .03 -.068 .040 .092 .095 419
10 -.068 .047 .088 -094 424
131 -.079 .051 .098 1 412
] .05 -1 .064 .15 .16 315
10 <12 .083 15 16 352
131 -.14 .088 16 18 333
1 .10 -.14 .057 .21 .20 282
10 -.15 .076 .20 .20 200
131 =17 .079 21 .22 272
1 .20 -.16 .008 .26 .24 212
10 -.16 .018 .26 24 218
131 =17 L0221 .27 .25 206
1 .30 -.16 -.040 .30 28 165
10 -.16 -.037 .30 28 168
131 =17 -.034 31 28 160
1 1.65 =17 -.15 .40 37 50
10 -.16 -.16 .40 37 50
* -.16 -.16 .40 38 59

1 1.665  -.13 =17 .35 .33 110
10 =12 -.19 .35 .34 108
131 =14 -.17 -36 234 98
1 1.68 -.043 -.23 25 .28 235

1 -.033 _.26 25 .30 228
131 -.078 -.21 28 .29 154
1 1.685 .022 -.27 .19 .27 307
10 .047 ) .20 .31 291
131 -.026 -.25 24 .28 247
1 1.69 .11 -.30 .13 .29 362
10 17 -.39 .15 38 355
13] .067 .32 .19 .30 30C

c-7



CONFIGURATION P,1 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) € €q g, €aff (°R)
1 1.695 .23 -.35 .059 35 460
10 .32 49 .074 48 441
131 .20 -.4] RE! 39 373
1 1.70 .37 -.40 -.020 .44 551
10 .48 -.59 .002 62 527
131 .36 -.51 .070 51 446
1 1.706 .52 -.46 -1 58 650
10 .68 -.70 -.087 80 621
131 .54 -.61 -.007 66 538
1 1.712 .66 -.52 -.20 .70 736
10 .84 -.80 -.16 .96 703
131 .71 =71 -.085 .82 619
1 1.725 .83 -.58 -.3] 87 852
10 1.01 88 -.27 1.12 816
131 .92 -.82 -.19 1.02 732
1 1.738 .94 -.63 -.38 97 928
10 1.09 -.9 -.34 1.19 891
131 1.01 -.85 -.26 1.10 805
1 | 1.744 .97 -.64 -.40 1.00 954
10 1.12 92 .37 1.22 917
131 1.03 -.85 -.29 1.1 830
1 1.75 .99 -.65 -.43 1.03 977
10 1.14 -.92 -.39 1.24 940
131 1.05 -.86 -.31 1.13 853
1 1.775  1.06 -.66 -.50 1.10 © 1041
10 1.20 -.93 -.46 1.29 1004
131 1.10 -.85 -.37 1.17 916
1 1.80 1.10 -.65 -.54 1.13 1083
10 1.24 -.92 -.50 1.32 1047
131 1.12 -.83 -4 1.18 956

c-8



ELEMENT

131

131

CONFIGURATION P.1 RESULTS (Cont'd)

TIME CUMULATIVE STRAIN (%)
(sec) €y € €, Caff
1.85 1.13 ~.62 -.60 1.16
1.27 -.88 -,46 1.35
1.14 -,78 -.46 1.19
1.95 1.15 -.55 -.68 1.18
1.28 .79 -.64 1.33
1.14 -.68 -.54 1.17
2.225 1.14 -.42 -.78 1.18
1.24 - .60 -.75 1.28
1.09 -.49 - .64 1.11
2.50 1.14 -.36 ~.83 1.18
1.21 -.52 -.80 1.26
1.06 -.40 -.68 1.08
2.85 1.14 -.34 -.85 1.19
1.20 -.48 -.82 1.25
1.04 ~.36 -.70 1.07
3.20 1.13 -.33 -.85 1.19
1.20 -.47 -.82 1.24
1.03 -.34 -.71 1.06
3.205 1.13 -.33 -.84 1.18
1.19 - .46 -.82 1.24
1.03 -.34 -.70 1.05
3.21 1.12 -.32 -.84 1.17
1.18 =,45 -.81 1.22
1.02 -.33 ~-.70 1.04
3.215 1.11 -.3] -.82 1.16
1.76 -.43 -.80 1.20
1.00 -,32 -.68 1.03
3.22 1.10 -.30 -.80 1.14
1.14 -.41 -.78 1.18
.98 -.30 - .67 1.00

C-9

TEMP.
(°R)

1137
1103
1010

1905
tow o

1174
1077

1205
1274
IRWA

1340
1314
1209

1357
1333
1227

1363
1339
1232

1357
1333
1228

1349
1326
1222

1335
1312
1210

1320
1298
1198



ELEMENT

10

131

10
131

131

10
131

10
131

CONFIGURATION P.1 RESULTS (Cont'd)

TIME
(sec) €

3.225 1.

3.325

3.375

8

c-10

CUMULATIVE STRAIN (%)

€

€2

.78

-.76

.65

.76
.74
.63

A
.69
.59

.66

-.64
-.54

.60
.58
.48

.50
47
.39

-.37

-.30

TEMP,

(°R)

1300
1280
1181

1280
1261
1163

1234
1218
1122

1185
1170
1078

1133
1121
1031

1026
1018
935

920
916
839

791
792
724

673
677
616

566
572
520

reyv



CONFIGURATION P.1 RESUﬁTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP,
(sec) c € e, € off (°r)

1 3.40 -.058 .058 .050 .074 470
10 -.24 .24 .043 .28 478
131 -1.08 1.12 .080 1.27 434
1 3.425 -.13 .059 .12 .15 337
10 -.31 .25 R .34 336
131 -1.17 1.15 14 1.34 359
1 3.45 -.18 .048 .18 .21 316
10 , -.36 24 7 .38 326
131 -1.22 1.15 .20 1.38 295
1 3.50 -.23 .010 .26 .29 212
10 -.42 .20 .26 A4 221
131 -1.28 1.12 27 1.40 200
1 3.70 -.21 -.17 .36 .37 96
10 -.39 -.013 .36 .43 99
131 -1.26 .94 .36 1.32 92
1 3.90 -.18 -.27 .40 .42 50
10 ' -.34 -.14 .40 .44 50
131 -1.23 .85 .40 1.26 50



" ELEMENT

10
131

10
131

TIME
(sec)

.03

.05

.10

.20

.30

.85

.665

.672

.68

.685

CONFIGURATION P.2 RESULTS

o

.040

.047
.051

.064
.083

.088
.057
.076
.079

.007

.017
.021

.040

.037
.034

.15
.16
.16

.20
-.2]
.18

-.23
-.25
.19

.30

.34

.24

.37
.43
.30

CUMULATIVE STRAINS (%)

€z

.092
.088
.098

.15
.15
.16

Ceff

.095
.094
1

EMP.
o]

(°R)

419
424
412

346
354
333

282
290
272

212
218
206

165
168
160

50
50
50

136
104

192
189
138

311
304
209

402
391
265



ELEMENT

10
131

10
131

131

10
131

10
131

131

TIME
(sec)

1.69

1.695

1.706

1.712

1.718

1.725

1.738

1.744

CONFIGURATION P.2 RESULTS (Cont'd)

CUMULATIVE STRAINS (%)

8

C-13

€
Z

.025
.038

.094
074
.099
.21
.027
.34
082
.46
18
.54
.24
.64
.33
.80
.44
.81
.48
.85
51

b T\ e

TEMP.
(°R;



CONFIGURATION P.2 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) € £ €, Coff (°R)
1 1.775 2.06 -1.29 -.96 2.14 1473
10 2.22 -1.58 -.91 2.34 1420
131 1.61 -1.17 -.62 1.70 1154
1 1.80 2.15 -1.32 -1.03 2.22 1530
10 2.31 -1.60 -.97 2.43 1479
131 1.72 -1.23 -.68 1.81 1209
1 1.85 2.23 -1.33 -1.09 2.29 1588
10 2.38 -1.61 -1.04 2.49 1539
131 1.80 -1.25 -.74 1.89 1263
1 1.95 2.25 -1.29 -1.13 2.31 1629
10 2.40 ~1.56 -1.08 2.50 1582
131 1.80 -1.19 -.78 1.87 1302
1 2.225 2.22 -1.17 -1.18 2.27 1667
10 2.37 -1.42 -1.13 2.43 1625
131 1.77 -1.06 -.82 1.81 1339
1 2.50 2.20 -1.10 -1.20 2.23 1686
10 2.32 -1.31 -1.15 2.37 1645
131 1.73 -.96 -.84 1.75 1357
1 2.85 2.17 -1.05 -1.21 2.20 1697
10 2.26 -1.23 -1.17 2.31 1658
131 1.69 -.90 -.85 1.71 1368
1 3.20 2.15 -1.03 -1.21 2.19 1703
10 2.24 -1.18 -1.17 2.28 1664
131 1.67 ~.87 -.86 1.69 1373
1 3.205 2.15 -1.02 -1.21 2.18 1695
10 2.22 -1.17 -1.16 2.26 1657
131 1.67 -.87 -.85 1.68 1369
1 3.21 2.14 -1.02 -1.20 2.16 1685
10 2.20 -1.15 -1.15 2.24 1647
131 1.66 -.87 -.84 1.68 1363

C-14



ELEMENT

10
131

10
131

10
131

10
131

10
131

10
131

10
131

10
131

131

CONFIGURATION P.2 RESULTS (Cont'd)

TIME CUMULATIVE STRAIN (%)
(sec) EY‘ ee ez eeff
3.215 2.12 -1.00 -1.18 2.14
2.17 -1.12 -1.14 2.20
1.65 -.86 -.83 1.66
3.22 2.09 .99 -1.15 2.11
2.12 -1.08 -1.12 2.15
1.63 -.85 -.82 1.64
3.225 2.06 .97 -1.13 2.07
2.05 -1.03 -1.09 2.08
1.61 -.84 -.80 1.62
3.23 2.01 -.95 -1.10 2.03
1.98 -.97 -1.07 2.00
1.58 -.83 -.77 1.59
3.25 1.78 -.84 -.96 1.79
1.68 ~-.78 -.94 1.70
1.37 -.72 -.66 1.38
3.26 1.64 ~.78 -.89 1.65
1.52 ~.67 -.87 1.53
1.26 ~.66 -.60 1.27
3.28 1.36 -.64 -.73 1.36
1.18 ~-.47 -.72 1.19
1.02 ~-.54 -.47 1.02
3.30 1.07 -.51 -.57 1.08
85 -.28 -.56 86
77 ~.43 -.35 79
3.325 74 -.35 -.38 4
50 -.094 -.38 52
50 -.28 -.21 50

C-15



CONFIGURATION P.2 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) er ee Ez SEff (OR)

1 3.335 .63 -.30 -.32 .63 869
10 .40 -.034 -.32 42 868
131 .40 -.22 -.16 .39 703
1 - 3.35 .45 -.22 -.22 .45 763
10 .18 .094 -.22 .24 764
131 .23 -.13 -.084 .23 618
1 3.375 -1 -.030 -.079 .045 613
10 -.31 .24 -.084 .32 618
131 -.24 .075 .027 .20 498
1 3.40 -.20 .039 .042 .16 480
10 -.40 .32 .035 .42 488
131 -.30 1 1 .28 393
1 3.425 -.27 .084 .14 .26 367
10 -.47 .37 .13 .50 376
131 -.36 .14 .19 .35 304
1 3.45 -.33 12 .22 .33 271
10 -.52 .40 .21 .56 282
131 -.40 .16 .25 .41 229
1 3.50 -.44 .15 .33 .47 138
10 -.70 .49 .32 .74 148
131 -.56 .26 .34 .58 123
1 3.60 -.44 .098 .37 .47 90
10 -.69 42 .36 .72 98
131 -.54 .19 .37 .56 84
1 4.00 -.35 -.090 .39 .44 58
10 -.59 .20 .39 .60 59
131 -.44 -.023 39 .48 56
1 5.15 -.33 -.14 .40 .44 50
10 © ..56 .14 .40 .58 50
131 -.41 -.090 40 .47 50



CONFIGURATION P.3 RESULTS

ELEMENT TIME ' . CUMULATIVE STRAIN (%)

(sec) €p £ e, €aff

1 .03 -.081 .048 .1 1
10 -.083 .057 .10 11
131 -,094 .061 .12 .13
1 .05 -.14 .076 .18 .19
10 -.15 .10 .18 .20
131 - -.18 S .20 .22
1 10 -.18 .068 .25 .25
10 -.19 .095 .24 .25
131 -.21 10 .26 .28
1 .20 -.20 .007 .32 .30
10 -.20 .022 .31 .30
131 -.22 .027 .32 .31
1 .30 -.20 -.051 .36 .34
10 -.21] -.044 .36 .34
131 -, 22 -.039 .37 .35
1 1.65 -.21 -.18 .48 .45
10 -.20 -.20 .48 .45
131 -.21 -.19 .48 .46
1 1.665 - 17 -.20 .42 41
10 -.l6 -.22 42 .41
131 -.18 -.20 A3 42
1 1.68 -.039 -.29 .29 .33
10 . -.026 -.32 .30 .36
131 -.088 -,26 .33 .36
1 1.685 07 -.33 .21 .33
10 .13 -.42 .23 .40
131 .025 -.35 .28 .36
1 1.69 .20 -.39 .14 .37
10 .28 -.51 15 .49
131 18 -.46 22 .44

TEMP.
(°R)

419
424
412

346
354
333

282
290
272

212
218
206

165
168
160
50
50
107

104
97

a4

235
196

315
303
249

392
376
307



CONFIGURATION P.3 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%)

(sec) er ee Ez EEff

1 1.695 .38 -.46 .038 .49
10 .48 -.63 060 65
131 36 .58 15 57
1 1.70 57 -.55 -.069 65
10 68 -.75 -.038 82
131 | 55 -.68 069 72
1 1.706 .80 -.66 -.20 .86
10 88 -.86 -.16 1.01
131 77 -.80 -.036 90
1 1.712 .96 -.74 -.30 1.02
10 1.04 -.96 -.26 1.17
131 90 -.87 -.13 1.03
1 1.725 1.16 -.84 -.44 1.23
10 1.26 -1.07 -.40 1.38
131 1.06 -.92 -.27 1.17
1 1.738 1.31 -.92 -.56 1.38
10 1.44 -1.15 -.50 1.56
131 1.18 -.9% -.37 1.28
] 1.744 1.38 -.94 -.59 1.44
10 1.50 -1.18 -.54 1.61
131 1.22 -.97 -.40 1.31
1 1.75 1.42 -.95 -.63 1.49
10 1.54 -1.20 57 1.66
131 1.25 -.98 43 1.34
1 1.775 1.52 -.97 -.71 1.58
10 1.65 -1.21 -.65 1.75
131 1.33 -.99 -.50 1.42
1 1.80 1.62 -.99 -.78 1.68
10 1.75 -1.23 -.73 1.84
131 1.42 -1.00 57 1.49

TEMP.
(°R)

492
470
383

590
563
461

701
668
561

792
755
645

917
876
764

1009
967
852

1039
996
880

1064
1022
905

1125
1083
963

1184
1143
1021



CONFIGURATION P.3 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%)

(sec) £y gq €, Caff

1 1.85 1.67 -.96 -.86 1.72
10 1.79 -1.19 -.80 1.87
131 1.46 -.96 -.64 1.52
1 1.95 1.69 -.87 -.94 1.73
10 - ©1.80 -1.08 -,89 1.86
131 1.47 -.,86 -.72 1.51
1 2.50 1.63 -,63 -1.09 1.68
10 : 1.66 -.73 -1.05 1.71
131 1.33 -.53 -.86 1.37
1 2.85 1.62 -.58 -1.11 1.67
10 1.64 -.66 -1.07 1.68
131 1.31 -.47 -.89 1.34
1 3.20 1.61 -.57 -1.12 1.67
10 1.62 -.64 -1.08 1.68
131 1.30 -.45 -.90 1.34
1 3.205 1.59 -.56 -1.10 1.64
10 1.60 -,61 -1.06 1.64
131 1.28 -.43 -.87 1.31
1 3.21 1.57 -.54 -1.07 1.61
10 1.56 -.58 -1.03 1.60
131 1.25 -, 41 -.85 1.28
1 3.215 1.55 -.53 ~-1.04 1.59
10 ] 1.50 -.53 -1.01 1.54
131 1.21 -.38 -.83 1.24
1 3.22 1.53 -.53 -1.02 1.56
10 1.41 -.46 -.98 1.46
131 1.15 -.34 -.81 1.18
1 3.225 1.50 -,52 -1.00 1.53
10 1.34 -.41 -.96 1.39
137 . 1.11 -.31 -.79 1.14

TEMP.
(°R)

1239
1199
1074

1299
1263
1133

1413
1383
1244

1432
1402
1262

1438
1408
1267

1419
1391

1252

1400
1372
1235

1382
1356
1220

1361
1336
1203

1344
1320
1189



ELEMENT

10
131

CONFIGURATION P.3 RESULTS (Cont'd)

TIME CUMULATIVE STRAIN (%)
(sec) er ee Ez
3.23 1.46 -.50 .97
1.26 -.35 .94
1.06 -.28 A7
3.24 1.38 -.46 .92
1.15 -.27 .89
.94 -.20 .73
3.25 1.30 -.43 .87
1.05 -.20 .85
.84 -.13 .69
3.26 1.17 -.38 .79
.86 -.093 g7
.66 -.020 .61
3.28 .92 -.28 .63
.55 .090 .62
.35 17 .48
3.30 .68 -.18 .48
.25 .25 .48
.063 .34 .36
3.325 .44 -.098 .33
-.025 .40 .33
-.24 51 .23
3.3 .20 -.010 17
-.30 .54 .18
-.55 .70 .090
3.375 .023 .051 .045
-.49 .62 .051
-.74 80 .018
3.40 -.14 10 .070
-.68 71 .62
-.92 88 N

€-20

TEMP.

(°R)

1323
1300
1N

1285
1265
1139

1250
1232
1110

1186
1170
1053

1068
1058
950

951
946
846

814
813
727

679

682 -

608

569
574
512

460
468
417

rey



ELEMENT

131

10
131

CONFIGURATION P.3 RESULTS (Cont'd)

TIME CUMULATIVE STRAIN (%) TEMP.
(sec) € : €q e, €aff (°R)
3.425 -.24 .12 .16 .25 374
-.80 .74 .15 .90 384
-1.02 .92 .19 1.13 343
3.45 -.32 .12 .23 .34 298
-.88 .75 .22 .96 309
-1.10 .92 .25 1.19 276
3.50 -.40 .091 .33 .43 196
-.97 .72 .32 1.02 206
-1.17 .89 .34 1.23 186
3.70 -.36 - 11 .43 47 104
-.92 .48 .42 .92 106
-1.10 .66 X 1.1 101
3.90 -.32 -.23 .48 .51 50
-.87 .33 .48 .86 50
-1.06 : .53 .48 1.04 50

c-21



CONFIGURATION P.4 RESULTS

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) o € e, €aff (°R)

1 .03 -.055 .034 .074 .076 419
10 -.054 .036 .070 .074 424
131 -.064 .040 .079 ~.085 412
1 .05 -.090 .052 12 12 346
10 -.092 .064 12 12 354
131 T .068 13 14 333
1 .10 -1 .045 .16 .16 282
10 -1 .058 .16 .16 290
131 -.13 .061 17 17 272
1 .20 -.12 .007 .21 .19 212
10 -2 .013 .21 .19 218
131 -.13 .015 .22 .20 206
1 .30 -.12 -.029 .24 .22 165
10 -2 -.029 .24 .22 168
131 -.10 -.045 .24 .21 160
1 1.65 -.13 -1 .32 .29 50
10 .12 -2 .32 .30 50
131 -.13 -.12 .32 .30 50
1 1.665  -.094 -.12 .28 .26 107
10 -.088 -.14 .28 .26 104
131 -.10 .12 .29 .27 97
1 1.68 -.026 -.18 .19 .22 244
10 -.023 -.20 .20 .23 235
131 -.057 -.15 .22 .22 196
1 1.685 .019 -.21 .14 .20 315
10 .026 -.23 .15 .23 303
131 -.028 -7 .19 .21 249
1 1.69 .076 -.28 .092 .22 392
10 .094 -.28 .10 .25 376
131 .ol -.20 15 .20 307

C-22



ELEMENT

131

10
131

10
131

TIME
(sec)

1.695

1.706

1.712

1.725

1.738

1.744

1.775

—
.

CONFIGURATION P.4 RESULTS (Cont'd)

CUMULATIVE STRAIN (%)

c-23

€z

.026
.040
.098

.046

.025
.046

“eff

.27
.33
.24

.37
.44
.31

.50
.61
.46

.60
.75
.61

.75
.92
.79

.86
1.04
.93

.90
1.08
.97
.93

1.12
1.00

.99
1.18
1.05

1.06
1.23
1.11

TEMP.
(°R)

492
470
383

590
563
461

701
668
561

792
755
645

917
876
764

1009
967
852

1039
996

. 880

1064
1022
905

1125
1083
963

1184
1143
1021



ELEMENT

131

10
131

10
131

10
131

10
131

10
131

TIME
(sec)

1

.85
.95
.50
85
.20
.205
.21
.215
.22

.225

€

CONFIGURATION P.4 RESULTS (Cont'd)

.07
.19
.08

.09
.20
.09

.08

.07

.07

.06

.07

.06

.06

.04

.04

.03

.02

.02

.01

.00

.99

.98

c-24

CUMULATIVE STRAIN (%)

“off

1.10

1.13

1.12
1.13
1.11
1.08
1.10
1.07
1.10
1.07
1.09
1.18
1.06
1.07
1.04
1.05
1.02
1.03
1.00
1.01

.98

TEMP.
(°R)

1239
1199
1074

1299
1263
1133

1413
1383
1244

1432
1402
1262

1438
1408
1267

1419
1391
1252

1400
1372

1235

1382
1356
1220

1361
1336
1203

1344
1320
1189



CONFIGURATION P.4 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP .
(sec) € €q €, Coff ( R),

1 3.23 .97 -.29 -.65 .98 1323
10 1.04 .42 .63 1.05 1300
131 .96 -.42 .51 .95 17

1 3.24 .93 -.26 -.61 .94 1285
10 .99 .38 -.60 .99 1265
131 .92 -.39 -.48 91 1139
1 3.25 .89 -.24 -.58 89 1250
10 192 -.33 .57 92 1232
131 .88 -.37 -.46 87 1110
1 3.26 81 -.20 -.52 .80 1186
10 .79 -.25 -.5] .79 1170
131 .81 -.32 .4 .79 1053
1 3.28 .66 -.14 -.42 65 1068
10 55 - 11 - 4] 57 1058
131 .68 -.26 .32 65 950
1 3.30 .50 -.076 -.32 .49 951
10 34 010 -.32 .38 546
131 .53 -.18 .24 50 846
1 3.325 .34 -.018  -.22 .32 814
10 118 083 -.22 .24 813
131 .33 -.066  -.15 230 727
1 3.35 .18 039 -1 17 679
10 -009 16 =12 .16 682
131 13 058  -.059 1 608
1 3.375  .066 .075 -.030 .067 569
10 .12 .21 -034 .20 574
131 -.022 14 .012 .098 512
1 3.40  -.039 .11 .047 .085 460
10 -.22 .25 .042 .27 468
131 212 .19 .075 18 417

C-25



CONFIGURATION P.4 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) €y e €, €off (°R)

1 3.425 -,11 .12 .10 .14 374
10 -.29 .27 .097 .33 384
131 : -.21 .22 A2 .26 343
1 3.45 -, 16 .12 .15 .20 298
10 -.35 .28 .15 .38 309
131 -.28 .24 A7 .32 276
1 3.50 -,22 1 .22 .27 196
10 -.4 .26 .22 .43 206
131 -,32 .22 .23 .36 186
1 3.70 -.20 -.034 .28 .28 104
10 -,36 .085 .28 .38 106
131 -.26 .058 .29 .32 101
1 3.90 -,18 -.1 .32 31 50
10 : -.33 -,016 .32 .38 50
131 -, 24 -.040 .32 .33 50

C-26



CONFIGURATION P.5 RESULTS

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) €n € €, Caff (°R)

1 .03 -.068 .040 .092 .094 419
10 -.069 .048 .088 .094 424
131 -.079 .051 .098 1 4172
1 .05 =12 .064 .15 .16 346
10 -.13 .086 .15 17 354
131 -.15 .093 .16 .19 333
1 .10 -.16 .058 .21 .21 282
10 -.16 .080 .20 .21 290
131 -.18 .085 .21 .23 272
1 .20 -7 .006 .26 .25 212
10 -7 .018 .26 .25 218
131 -.18 022 - .27 .26 206
1 .30 -7 -.043 .30 28 165
10 .18 -.038 .30 28 168
131 -.19 -.034 .31 29 160
1 1.65 -.18 -.15 .40 .38 50
10 =17 -7 .40 38 50
13] -.18 -.16 .40 38 50
1 1.665 .14 =17 .35 34 107
10 -.14 .19 .35 .35 104
131 -.15 -7 .36 .35 97
1 1.68 -.035 -.24 .24 .28 244
10 -.025 .27 .25 .30 235
131 -.078 -.22 .28 .30 196
1 1.685 .050 -.28 .18 27 315
10 081 -.33 19 32 303
131 004 -.28 23 29 249
1 1.69 .16 -.32 12 .31 392
10 22 .42 13 40 376
131 14 -.37 18 36 307

c-27



ELEMENT

10
131

10
131

10
131

10
131

TIME

(sec)

1.695

1.70

1.706

1.712

1.725

1.738

1.744

1.775

CONFIGURATION P.5 RESULTS (Cont'd)

CUMULATIVE STRAIN (%)

€6

-.38
.52
.47

.46
-.62
.57

.54
74
.69

.60
.82
.79

.69
.93
.86

-.75
-.99
.89

-.77
-1.01
-.89

-.78
-1.02

-.89

-.80
-1.04
-.89

-.81

-1.06
-.88

C-28

Feff

TEMP.
(°R)

492
470
383

590
563
461

701
668
561

792
755
645

917
876
764

1009
967
852

1039
996
880

1064

1022
905

1125
1083
963

1184
1143
1021



CONFIGURATION P.5 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) €p €q e, Eaff (°R)

1 1.85 1.38 -.79 -.71 1.42 1239
10 1.52 -1.03 -.67 1.59 1199
131 1.26 -.84 -.53 1.31 1074
S 1.95 1.40 -.72 -.78 1.43 1299
10 1.53 -.94 -.74 1.59 1263
131 1.26 -.75 -.60 1.30 1133
1 2.50 1.35 -.52 -.91 1.40 1413
10 1.45 -.68 -.87 1.49 1383
131 1.12 -.44 -.72 1.14 1244
1 2.85 1.34 -.48 -.93 1.39 1432
10 1.44 -.64 -.90 1.48 1402
131 1.09 -.38 -.74 1.12 1262
1 3.20 1.34 -.48 -.94 1.39 1438
10 1.43 -.63 -.90 1.47 1408
131 1.07 -.35 -.75 1.10 1267
1 3,205 1.32 -.46 -.91 1.37 1419
10 1.41 - .61 -.88 1.45 1391
131 1.05 -.33 -.73 1.08 1252
1 3.21 1.30 -.45 -.89 1.34 1400
10 1.39 -.59 -.86 1.42 1372
131 1.01 -.30 -.71 1.04 1235
1 3.215 1.28 -.44 -.87 1.32 1382
10 1.38 -.59 -.84 1.40 1356
131 .94 -.24 -.69 .97 1220
1 3.22 1.26 -.42 -.85 1.28 1361
10 1.37 -.60 -.82 1.40 1336
131 .85 -.15 -.68 .89 1203
1 3.225 1.23 Y -.83 1.26 1344
10 1.36 -.61 -.80 1.39 1320
131 .78 -.091 - -.66 .83 1189

c-29



CONFIGURATION P.5 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP,
(sec) € | €q €, €aff ‘ (°R)
1 3,23 1.19 -.39 -.8] 1.21 1323
10 1.35 -.61 -.78 1.37 1300
131 .69 -.018  -.64 77 171
1 3.24 1.1 .35 -.76 1.14 1285
10 1.30 -.60 -.74 1.32 1265
131 .54 10 -.60 67 1139
1 3.25 1.05 -.33 .73 1.08 1250
10 1.25 -.58 -7 1.26 1232
131 .42 .20 - .57 .60 1110
1 3.26 .93 .28 - .66 .96 1186
10 1.16 _.54 -.63 1.17 1170
131 .20 .35 -.51 153 1053
1 3.28 J72 -.19 -.52 .74 1068
10 1.00 -.49 .51 1.00 1058
131 | -.14 .58 -.40 .59 950
1 3.30 .52 -1 - .40 .54 951
10 .85 -.45 -.40 .85 946
131 -.38 74 -.30 .72 846
B 3,325 .32 -.032 -.27 .34 814
10 170 - 4] .27 "70 813
131 - .66 .90 -19 192 727
1 3.35 12 046 -.14 .15 679
10 53 -.36 -.14 54 682
131 .92 1.07 -.075 1.16 608
1 3,375 -.036 092 -.037 .086 569
10 .39 -.33 -.043 42 574
131 1.1 1.17 .015 1.32 512
1 3.40 .16 .13 .058 .18 460
10 .28 -.3] -052 “34 468
131 -1.30 1.21 .094 1.50 417

C-30



CONFIGURATION p.5 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) €y € €, Coff (°R)

1 3.425 -.25 .14 .13 .26 374
10 .20 -,30 12 .32 384
131 -1.39 1.33 .16 . 1.58 343
1 3.45 -.31 .14 .19 .32 298
10 .15 -.31 .18 .32 309
131 -1.48 1.36 .21 1.65 276
1 3.50 -,37 1 .28 .39 196
10 .093 -.35 .27 .37 206
131 -1.54 1.34 .29 1.70 186

1 3.70 -.34 -.066 .36 .40 104
10 .15 -.59 .35 .58 106
131 -1.49 1.15 .36 1.57 101
1 3.90 -.30 -.16 .40 .43 50
10 .24 -.76 .40 72 50
131 -1.47 1.08 .40 1.52 50

C-31



CONFIGURATION P.6  RESULTS

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) ep €q e, Coff (°R)

1 .03 -.069 .042 .092 .095 419
10 -.068 .046 .088 .093 424
131 -.079 .050 .098 .1 412
1 .05 -.11 .065 .15 .15 346
10 -.12 .080 .15 .16 354
131 -.13 .085 .16 .18 333
1 .10 -.14 .056 .21 .20 282
10 -.14 .072 .20 .20 290
131 -.16 .076 .21 .22 272
1 .20 -.14 - .008 .26 .24 212
10 -.14 .015 .26 .24 218
131 -.16 .018 .27 .25 206
1 ;30 -.14 -.036 .30 .27 165
10 -.14 -.036 .30 .27 168
131 -.16 -.033 .31 .28 160
1 1.65 -.16 -.14 .40 .37 50
10 -.15 -.16 .40 .37 50
131 -.16 -.16 .40 .37 50
1 1.665 -.11 -.15 .35 .32 107
10 -.11 -.17 .35 .33 104
131 -.12 -,16 -.36 .33 .97
] 1.68 -.030 -.22 .24 .27 244
10 -.026 -.24 .25 .28 235
131 -.071 -.19 .28 .28 . 196
1 1.685 .026 -.26 .18 .26 315
10 .035 -.29 .19 .28 303
131 -.036 -.22 .23 .26 249
1 1.69 .10 -.30 .12 .27 392
10 W12 -.36 .13 .32 376
131 017 -.26 .18 .26 307

c-32



CONFIGURATION P.6  RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) Ep £q €, Eoff (°R)

1 1.695 .23 -.36 .032 .35 192
10 [27 Y 1050 a2 470
131 12 -3 12 130 383
1 1.70 .39 .43 -.057 .47 590
10 [a4 _ 54 - 032 ‘57 563
131 27 14 057 12 161
1 1.706 .57 -.50 .16 .64 701
10 66 68 23 78 663
131 49 -.57 ~1030 61 561
1 1.712 72 -.57 ~.25 .77 792
10 "84 .78 .21 [95 755
131 68 169 - 79 645
1 1.725 .91 -.64 -.37 .96 917
10 1.06 190 133 1.16 876
131 "92 -l82 _122 1.02 764
1 1.738  1.06 .70 -.16 1.10 1009
10 1.18 - 96 -42 1,28 967
131 1.08 190 131 1.17 852
1 1.744 1.0 .72 -.49 1.15 1030
10 1.21 Y -1 1.32 996
131 1.1 _ 91 i34 1.20 880
1 1.75 1.13 .73 -.52 1.18 1064
10 1.25 -199 .18 1.35 1022
131 1.4 Y - 36 1723 905
1 1.775  1.20 _.75 -.59 1.25 1125
10 1.32 -1.01 154 1.42 1083
131 1.18 -192 e 1.27 963
1 1.80 1.27 -.76 _.66 1.32 1184
10 1039 -1.03 - 61 1.49 1143
131 1.23 192 -4 1.3] 102]

C-33



CONFIGURATION P.6  RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) € : €g e, Eeff ( R)

1 1.85 1.31 -.74 -.71 1.36 1239
10 1.42 -1.00 -.67 1.52 1199
131 1.26 -.88 -.53 1.33 1074
1 1.95 1.33 - -.69 -.78 1.38 1299
10 1.44 -.93 -.74 1.52 1263
131 1.27 -.81 -.60 1.32 1133
1 2.50 1.31 -.51 -.91 1.37 1413
10 1.40 -.70 -.87 1.46 1383
131 1.22 -.58 -.72 1.25 1244
1 2.85 1.31 -.47 -.93 1.36 1432
10 1.39 -.65 -.90 1.45 1402
131 1.20 -.53 -.74 1.23 1262
1 3.20 1.30 -.46 -.94 1.36 1438
10 1.38 -.64 -.90 1.44 1408
131 1.20 -.51 -.75 1.22 1267
1 3.205 1.29 -.45 .91 1.34 1419
10 1.36 -.62 -.88 1.42 1391
131 1.18 -.50 -.73 1.20 1252
1 3.21 1.27 -.44 -.89 1.32 1400
10 1.34 -.60 -.86 1.39 1372
131 1.16 -.48 -.71 1.18 1235
1 3.215 1.25 -.42 .87 1.30 1382
10 1.32 -.58 -.84 1.36 1356
131 1.14 -.46 -.69 1.15 1220
1 3.22 1.24 -.41 -.85 1.27 1361
10 1.28 -.55 -.82 1.32 1336
131 1.1 -.43 .68 1.12 1203
1 3.225  1.22 -.41 -.83 1.25 1344
10 1.25 -.52 -.80 1.28 1320
131 1.06 -.39 -.66 1.07 1189

C-34



ELEMENT

10
131

10
131

10
131

10
131

10
131

10
131

131

CONFIGURATION P.6  RESULTS (Cont'd)

TIME

(sec)

3.23 1.

3.325

3.375

€q

-.39
-.50
-.34

-.37
-.47
-.23

-.34
-.45
-.13

-.29
-.40
.052

-.2]

-.29
.30

C-35

€

CUMULATIVE STRAIN (%)

.058

-094

[4¢)
™
—h
-h

1.19

TEMP,
(°R)

1323
1300
1171

1285
1265
1139

1250
1232
1110

1186
1170
1053

1068
1058
950

951
946
846

814
813
727

679
682
608

569
574
512

460
468
417



CONFIGURATION P.6 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) €p €q €, Eoff (°R)

1 3.425 -.18 .10 13 .20 374
10 -.16 .076 .12 - .18 384
131 , -1,12 1.10 .16 1.29 343
1 3.45 -.25 .1 .19 .27 298
10 -.23 .085 .18 .25 309
131 -1.20 1.13 .21 1.36 276
1 3.50 -.33 .094 .28 .36 196
10 -.30 .069 .27 .34 206
131 -1.27 1.12 .29 1.40 186
1 3.70 -.29 -,086 .36 .38 104
10 -.26 ©o-,15 .35 .38 106
13 -1.22 .92 .36 1.28 101
1 3.90 -.27 -.18 40 .42 50
10 -.23 -, 27 .40 .43 50
131 -1.19 .82 .40 1.23 50

C-36



CONFIGURATION P.7 RESULTS

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) € €9 €2 Coff (°R)

1 .03 -.087 .038 .092 1 419
10 -.088 .046 .088 11 424
131 -.10 .050 .098 12 412
1 .05 -.14 .060 .15 .18 346
10 -.15 ~.081 .15 .18 354
131 -.18 .088 .16 .20 332
1 .10 -.18 .050 .21 .22 282
10 -.19 .072 .20 .23 290
131 -.20 .076 .21 .25 272
1 .20 -.19 -.003 .26 .26 212
10 -.19 .008 .26 .26 218
131 -.20 .013 .27 .27 206
1 .30 -.18 -.053 .30 .29 165
10 -.18 -.049 .30 .29 168
131 -.20 -.044 .31 .30 160
1 1.65 -.18 -.16 .40 38 50
10 -7 -.18 .40 .38 50
131 : -.18 -.17 .40 .38 50
1 1.665 -.14 -.18 .35 .34 107
10 3 -.20 .35 .35 104
131 -.15 -.18 .36 35 97
1 1.68 -.021 -.24 .24 .28 244
10 -.0005 -.28 .25 .30 235
131 -.073 -.21 .28 .29 196
1 1.685 ,072 -.29 .18 .28 315
10 .099 -.34 .19 .33 303
131 -.003 -.26 .23 .28 243
1 1.69 .18 -.33 12 .32 392
10 .23 -.42 .13 .40 376
131 ' 12 -.34 .18 .33 307

C-37



CONFIGURATION P.7 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP,
(sec) €. € €, €aff (°R)

1 1.695 .32 -.39 .032 A2 492
10 .40 -.52 .050 .54 470
]3] .28 -,45 .12 - 44 383
1 1.70 .48 -.46 -.0567 55 590
10 .5H8 -.62 -.32 .69 563
131 : A5 -.56 .057 .59 461
1 1.706 .67 -.54 -.16 .72 701
10 .79 -.75 -.13 .89 668
131 .65 -.68 -.030 A7 561
1 1.712 .82 ~.61 -.25 .86 792
10 .95 -.83 -.21 1.04 755
131 .84 -.78 -, 11 .94 645
1 1.725 1.02 -.70 -.37 1.05 917
10 1.13 -.92 -.33 1.22 876
131 1.02 -.87 -, 22 1.11 764
1 1.738 1.15 ~-.76 -.46 1.18 1009
10 1.26 -.98 -.42 1.35 967
131 1.12 -.90 -.31 1.20 852
1 1.744 1.19 -.77 -.49 1.23 1039
10 1.30 -1.00 -.45 1.39 996
131 1.15 -.90 -.34 1.22 880
1 1.75 1.23 -.79 -.52 1.27 1064
10 1.34 -1.01 ~-,48 1.42 1022
131 1.17 -.90 -.36 1.24 . 905
1 1.775 1.30 -.80 -,59 1.34 1125
10 1.41 -1.02 -.54 1.49 1083
131 1.22 -.89 -.41 1.28 963
1 1.80 1.38 -.82 -,b6 1.41 1184
10 ' 1.49 -1.04 -.61 1.56 1143
131 1.27 -.88 -.47 1.32 1021

C-38



ELEMENT

131

10
131

10
131

131

CONFIGURATION P.7 RESULTS (Cont'd)

TIME CUMULATIVE STRAIN (%)
(sec) €r i €2 Seff
1.85 1.42 -.80 - 71 1.45
1.53 ~1.01 -.67 1.59
1.29 -.84 -,53 1.33
1.95 1.43 -.73 -.78 1.46
1.54 -.92 -,.74 1.58
1.28 -.76 -.60 1.31
2.50 1.38 -.54 -.91 1.42
1.45 - .67 -,87 1.49
1.14 -.45 -,72 1.16
2.85 1.38 -.50 -.93 1.42
1.44 -.63 -.90 1.48
1.10 -.38 -, 74 1.13
3.20 1.37 -, 49 -.94 1.41
1.43 -.62 -.90 1.47
1.08 -.36 -,75 1.11
3.205 1.35 -.48 -, 91 1.39
1.41 -.60 -.88 1.44
1.05 -.33 -.73 1.08
3.21 1.33 -, 47 -.89 1.36
1.38 -.58 -,86 1.41
1.00 -,29 -, 71 1.03
3.215 1.30 -.45 -,87 1.33
1.36 -.58 -.84 1.39
94 -.23 -.69 97
3.22 1.27 -.44 -,85 1.30
1.36 -.59 -.82 1.38
.84 -.14 -.68 .88
3.225 1.24 -.43 -.83 1.27
1.35 -.60 -,80 1.37
.75 -.066 -.66 .82

C-39



ELEMENT

CONFIGURATION P.7 RESULTS (Cont'd)

TIME
(sec) £

3.23 1.20
1.34

3.24 1.13
1.30

.48

3.25 1.06
1.26

.35

3.26 .95’
1.6

13

3.28 .74
1.00

.21

3.30 55
.86

-.49

3.325 .35
-.78

3.35 .16
-1.07

3.375 .019
-1.26

3.40 -1

-1.42

CUMULATIVE STRAIN (%)

1t
. e
o1 W
O >

| S
.«
O (W
N O

1
- .
1N
- PN

— 1 — 1 [ |

. . L) ° - .

N O [ew] (=] o

w = NS ~J ~ >
N ~I

oy
.

W
w

C-40

.058
.04

Feff

.23
.36
.74
.16
.64
.09
.59
.98
.55
.76
.66
.57
.85
.37
.07
.18
.33
.042
.50
1
.64

TEMP.

(°R)

1323
1300
1171

1285
1265
1139

1250
1232
1110

1186
1170
1053

1068
1058
950

951
946

846

814
813
727

679
682
608

569
574
512

460
468
417

rev

rev



ELEMENT

10
131

TIME
(sec)

3.425

3.45

3.50

3.70

3.90

CONFIGURATION P.7 RESULTS (Cont'd)

CUMULATIVE STRAIN (%) TEHP.
Ep i €2 Eeff 57)
-.19 .075 .13 .20 374
.28 -.39 .12 .40 334
-1.54 1.48 .16 -1.75 343
-.26 .080 .19 .27 238
.22 -.40 .18 .40 3CY
-1.62 1.51 .21 1.81 276
-.32 .056 .28 .35 138
.16 -.43 27 44 206
-1.68 1.49 .29 1.84 136

-, 26 -.13 .36 .38 104 -
.25 - .68 .35 .66 106
-1.60 1.30 .36 1.71 101
-, 22 -.22 .40 .42 =0
.32 -.82 .40 .79 50
-1.57 1.19 .40 1.64 50

C-41



CONFIGURATION P.8 RESULTS

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) Ep g €2 Eeff (°R)

1 .03 -.046 .045 .092 .081 419
10 -.045 .049 -088 079 424
131 -.053 .053 .098 .090 412
1 .05 -.075 -.070 .15 13 346
10 -.077 .086 15 13 354
131 -.093 .091 16 15 333
1 .10 -.10 .067 .21 .18 282
10 -.10 -083 .20 18 290
131 » -.12 .086 .21 19 272
1 .20 - - .024 .26 .22 212
10 -1 1032 .26 .22 218
131 =12 .035 -27 .23 206
1 .30 =12 -.020 .30 .26 165
10 . -.12 -.019 230 .25 168
131 =13 -.016 23] .26 160
1 1.65 -.14 -.12 .40 .35 50
10 .13 -.14 .40 .36 50
131 -.14 -.14 .40 .36 50
1 1.665 -1 -.14 .35 .32 107
10 -1 -.16 135 .33 104
131 -12 -.14 136 .33 97
1 1.68 -.059 -.21 .24 .26 244
10 -.052 -.24 .25 .28 235
131 -.086 -.18 .28 28 - 19
1 1.685 -.011 -.25 .18 .25 315
10 .080 -.39 19 .36 303
131 -.061 =21 .23 .26 249
1 1.69 .078 -.30 12 .26 392
10 16 -.43 13 .38 376
131 -.008 -.26 .18 .26 307

C-42



CONFIGURATION P.8 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP,
(Sec) EY‘ ee EZ EEff ( R)
1 1.695 23 -.37

.032 .35 492

)
O
N
O
[
o
O
L) L]
(]
o1
<O
S
~
~
~
(@»)

131 12 .35 12 31 383
1 1.70 39 -.44 -.057 48 590
10 46 -.58 -.032 60 563
131 27 -.44 .057 42 461
1 1.706 .58 -.52 -.16 65 7071
10 66 .70 -.13 79 668
131 47 -.56 -.030 60 561
1 1.712 .73 -.59 -.25 79 792
10 82 -.79 -.21 94 755
131 64 -.66 -.1 75 645
1 1.725 .94 -.68 -.37 99 917
10 1.00 -.88 -.33 1.12 876
131 88 -.79 -.22 98 764
1 1.738  1.04 -.73 .46 1.1 1009
10 1.1 .94 -.42 1.23 967
131 1.00 -.86 31 1.10 852
1 1.7446  1.08 -.75 .49 1.15 1039
10 1.14 -.97 -.45 1.27 996
131 1.03 -.86 -.33 1.13 880
1 1.75 1.11 -.76 -.52 1.18 1064
10 1.17 -.98 -.48 1.30 1022
131 1.06 -.87 -.36 1.15 905
1 1.775  1.18 -.78 -.59 1.25 1125
10 1.24 -1.00 -.54 1.37 1083
131 1.10 -.87 -.41 1.20 963
1 1.80 1.24 -.80 -.66 1.32 1184
10 . . 1.30 -1.02 -.61 1.43 1143
131 1.15 -.87 -.47 1.24 1021

C-43



CONFIGURATION P.8 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.

(sec) € €q €, €aff (°R)

1 1.85 1.29 -.79 -.71 1.36 1239
10 1.34 -.99 -.67 1.46 1199
131 1.19 -.84 -.53 1.26 1074
1 1.95 1. 31 -.73 -.78 1.38 1299
10 1.37 -.91 -.74 1.47 1263
131 1.20 -.77 -.60 1.26 1133
1 2.50 1.30 -.53 -.91 1.36 1413
10 1.33 -.66 -.87 1.40 1383
131 1.14 -.50 -.72 1.17 1244
1 2.85 1.29 -.50 -.93 1.36 1432
10 1.32 -.61 -.90 1.39 1402
131 1.12 .44 -, 74 1.16 1262
] 3.20 1.29 -.48 -.94 1.36 1438
10 1.31 -,.60 -.90 1.39 1408
131 1.11 -.42 -.75 1.14 1267
1 3.205 1.28 -.47 -.91 1.34 1419
10 1.29 .58 -.88 1.36 1391
131 1.10 .40 ~-.73 1.12 1252
1 3.21 1.27 -.46 -,89 1.32 1340
10 1.28 ~-.56 -.86 1.34 1372
131 1.08 -.38 -.71 1.10 1235
1 3.215 1.26 -.44 -.87 1.30 1382
10 1.26 .54 -.84 1.32 1356
131 1.06 .35 -.69 1.07 1220
1 3.22 1.24 -.42 -.85 1.27 1361
10 1.24 -.52 -.82 1.28 1336
131 1.01 -.30 -.68 1.02 1203
1 3.225 1.21 -.41 -.83 1.25 1344
10 1.22 -.51] -.80 1.26 1320
131 96 -.26 -.66 98 1189

C-44



%

CONFIGURATION P.8 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) €p : €q g, €aff (°R)

1 3.23 1.18 -.39 -.81 1.21 1323
10 1.20 -.51 .78 1.2 1300
131 "90 -121 - 64 "92 171
1 3.24 1.10 .35 -.76 1.13 1285
10 1.15 _'19 .74 1.19 1265
131 77 - -.60 81 1139
1 3.25 1.04 .32 .73 1.06 1250
10 1.10 -.47 -7 1.13 1232
131 168 - 031 .57 "72 1110
1 3.26 .92 -.27 -.66 .95 1186
10 "98 -140 - 64 1.01 1170
131 | (48 12 -5 58 1053
1 3.28 .70 -7 -.53 .73 1068
10 175 _.28 _ 51 178 1058
131 18 31 .20 J44 950
1 3.30 .50 -.082 -.40 52 951
10 54 -7 140 56 946
131 _ 087 48 -130 47 846
1 3,325 .30 -.004 _.27 .33 814
10 ‘32 . 071 127 135 813
131 137 66 LY 64 727
1 3.35 .10 071 -4 .15 679
10 RE 1028 _4 a5 682
131 -165 -84 1075 87 608
1 3.375  -.049 12 -.087 1 569
10 -1 049 1093 1043 1092 574
131 - 83 195 "015 1.03 512
1 3.40 -.18 .16 .058 .20 160
10 T 14 1052 120 168
131 -l9o8 1.05 "094 1.17 117

C-45



CONFIGURATION P.8 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) € £q €, aff (°R)

1 3.425 -.26 .18 .13 .28 374
10 -.27 .16 12 .28 384
131 -1.08 1.09 .16 1.26 343
1 3.45 -.33 .19 .19 .35 298
10 -.34 .18 .18 .35 309
131 -1.17 1.12 .21 1.33 276
] 3.50 -.40 A7 .28 .42 196
10 ~-.41 .15 .27 .42 206
131 -1.24 1.11 .29 1.38 186
1 3.70 -.40 -.009 .36 .44 104
10 -.41 -.072 .35 .44 106
131 -1.21 .92 .36 1.28 101
1 3.90 -.39 =11 .40 .46 50
10 -.38 -.20 .40 .47 50

131 -1.20 .82 .40 1.23 50

C-46



CONFIGURATION P.9 RESULTS

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.,
(sec) € €q €, Eaff (°R)

1 .03 -.068 .040 .092 .095 419
10 -.068 .047 .088 .094 424
131 -.079 .051 .098 - 412
1 .05 -1 .064 .15 .16 346
10 -.12 .082 .15 .16 354
131 -.13 .086 .16 .18 333
1 .10 -.14 .055 .21 .20 282
10 -.14 .075 .20 .20 290
131 -.16 .080 .21 .22 272
1 .20 -.15. .008 .26 .24 212
10 -.15 .018 .26 .24 218
131 -.16 .021 .27 .25 206
1 .30 -.16 -.038 .30 .28 165
10 -.15 -.034 .30 .27 168
131 17 -.031 .31 .28 160
1 1.65 -.17 -.14 .40 .37 50
10 -.16 -.16 .40 .37 50
131 -.17 -.16 .40 .37 50
1 1.665 -.12 -.16 .35 33 107
10 -.12 -.18 .35 34 104
131 -.14 -.16 .36 34 97
1 1.68 -.043 -.23 .24 .27 244
10 -.039 -.25 .25 29 235
131 -.083 -.20 .28 29 19
1 1.685 .014 -.27 .18 .26 315
10 .023 -.30 .19 .29 303
131 -.047 -.22 .23 26 249
1 1.69 .089 -.31 12 .28 392
10 RY -.36 .13 .32 376
131 . .006 -.26 .18 .26 307
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CONFIGURATION P.9 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) € g e, Caff (°R)

1 1.695 .22 -.37 .032 .35 492
10 .26 -.45 .050 A2 470
131 12 -.35 .12 - W31 383
1 1.70 .38 -.44 -.057 .47 590
10 .44 -.56 -.032 .58 563
131 ' .28 -.45 .057 .43 461
1 1.706 .56 -.51 - -.16 .63 701
10 : .66 -.70 -.13 .79 668
131 .50 -.59 -.030 .63 561
1 1.712 71 -.57 -.25 g7 792
10 .84 -.81 -.21 .96 755
131 .69 -.71 -.1 .81 645
1 1.725 .90 -.65 -.37 .95 917
10 1.05 -.92 -.33 1.17 876
131 .93 -.85 -.22 1.04 764
1 1.738 1.04 - 71 -.46 1.10 1009
10 1.18 -.98 -.42 1.29 967
131 1.07 -.91 -.31 1.18 852
1 1.744 1.09 -.73 -.49 1.14 1039
10 1.22 -1.00 -.45 1.33 996
131 1.10 -.92 -.34 1.20 . 880
1 1.75 1.12 -.74 -.52 1.18 1064
10 1.25 -1.01 -.48 1.37 1022
131 1.13 -.93 -.36 1.23 _ 905
] 1.775 1.19 -.76 -.59 1.25 1125
10 1.33 -1.03 -.54 1.44 1083
131 1.18 -.93 -.4] 1.27 963
1 1.80 1.26 -.77 -.66 1.32 1184
10 . 1.40 -1.05 -.61 1.50 1143
131 1.23 -.93 -.47 1.31 1021
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CONFIGURATION P.9 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP,
(sec) € €q FZ Eaff (°R)
] 1.85 1.30 -.76 =71 1.36 1239
10 1.44 -1.02 -.67 - 1.83 1199
131 1.26 -.89 -.53 1.33 1074
1 1.95 1.33 -.70 -.78 1.38 1299
10 1.46 - =.95 -.74 1.54 1263
131 1.28 -.82 -.60 1.33 1133
1 2.50 1.31 -.51 -.91 1.37 1413
10 1.42 -.70 -.87 1.48 1383
131 1.21 -.56 -.72 1.24 1244
1 2.85 1.30 -.48 -.93 1.36 1432
10 1.40 -.66 -.90 - 1.46 1402
131 1.19 -.50 -.74 1.21 1262
1 3.20 1.30 -.46 -.94 1.36 1438
10 1.40 -.64 -.90 1.46 1408
131 1.18 -.48 -.75 1.20 1267
1 3.205 1.29 -.45 -.91 1.34 1419
10 1.38 -.62 .88 1.43 1391
131 1.16 -.46 -.73 1.18 1252
1 3.21 1.27 -.43 -.81 1.32 1400
10 1.36 -.60 -.86 1.40 1372
131 1.13 -.44 -.71 1.15 1235
1 3.215 1.25 -.42 -.87 1.29 1382
10 1.34 -.58 -.84 1.37 1356
131 1.10 -.41 -.69 1.12 . 1220
1 3.22 1.23 -.41 -.85 1.27 1361
10 1.30 -.56 -,82 1.34 1336
131 1.06 -.37 -.68 1.07 1203
1 3.225 1.21 -.40 -.83 1.25 1344
10 1.28 -.55 -.80 1.31 1320
131 ' 1.00 -.32 -.66 1.01 1189

C-49



ELEMENT

TIME

(sec)

3.23

3.24

3.25

3.26

3.28

3.30

3.325

3.35

3.375

3.40

CONFIGURATIONP.9

.030
.Q77
-.99

-.0%6
-.054
-1.14

s

.39
.54
.25

.36
53

-.098

.34
.51
.018

.29
.46
.21

-.21

.35
.44

.13
.24
.62

-.062
-.16

ol

.80

.003
.070
.99

.044
.018
.09
.079

.024
.18

C-50

RESULTS (Cont'd)

CUMULATIVE STRAIN (%)

€

LI S
¢« o @
O~ 0
00 -

[ |
] [ .
[ W |
OO

)
.
o
~

[ I T ]
. e .
IOV

[ I |
£ 01Ot
O - W

t 11
. . L]
w B B
OO0

[ I |
. L] .
— NN
O~~~

1.34

TEMP,

(°R)

1323
1300
un

1285
1265
1139

1250
1232
1110

1186
1170
1053

1068
1058
950

951
946
846

814
813
727

679
682
608

569
574
512
460
468
417

rey

rey
rev



CONFIGURATION P.9 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec)_ ey €q e, Caff (°R)

1 3.425 -.18 .091 .13 .19 374
10 -.14 .042 .12 _ 15 384
131 -1.24 1.22 .16 1.43 343
1 3.45 -.24 .098 .19 .26 298
10 -, 21 .053 .18 .23 309
131 -1.32 1.25 .21 1.49 276
1 3.50 -.32 .085 .28 .35 196
10 -.28 .039 27 .32 206
131 -1.39 1.24 .29 1.54 186
] 3.70 -.29 -.095 .36 .38 104
10 -.22 - 17 .35 .37 106
131 -1.34 1.04 .36 1.41 101
1 3.90 -.26 -.19 40 A2 50
10 : -.19 -.30 .40 .44 50
131 -1.31 .93 .40 1.36 50
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CONFIGURATION P.10 RESULTS

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) € € e, €off (°R)

1 .03 -.068 .041 .092 .095 419
10 -.069 .047 .088 .094 424
131 -.082 .051 .098 11 412
1 .05 -.12 .066 .15 .16 346
10 -.13 .085 .15 .16 354
13 -.15 .092 .16 .19 333
1 .10 -.16 .059 .21 .21 282
10 -.16 .079 .20 21 290
131 -.18 .084 .21 .23 272
1 .20 -.17 .007 .26 .25 212
10 -.17 .016 .26 .25 218
131 -.18 .021 27 .26 206
1 .30 -.17 -.042 .30 .28 165
10 -.17 -.039 .30 .28 168
131 -.19 -,034 .31 .29 160
1 1.65 -.17 -.15 .40 38 50
10 -.16 -.17 .40 .38 50
131 -.17 -.16 .40 .38 50
1 1.665 -.14 -.17 .35 .34 107
10 -.13 -.19 .35 .34 104
131 -.15 - 17 .36 .35 97
1 1.68 -.028 -.24 .24 27 244
10 -.007 -.28 .25 .30 235
131 -.072 -.22 .28 .30 : 196
1 1.685 .066 -.28 .18 .27 315
10 1 -.34 .19 .33 303
131 .026 -.29 .23 .31 249
1 1.69 .18 -.32 .12 .32 392
10 ' .24 -.42 .13 .41 376
131 .16 -.38 .18 .36 307
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CONFIGURATION P.10 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) € €q €, €aff (°R)

1 1.695 33 -.39 .032 .41 492
10 140 -.52 1050 Y 470
131 30 - 46 12 |46 383
1 1.70 .48 -.46 -.057 .54 590
10 ‘57 il62 -.032 69 563
131 145 -.55 "057 58 161
1 1.706 .67 -.54 .16 71 701
10 78 74 =13 88 668
131 165 -.66 -.030 176 561
1 1.712 .82 _ 61 -.25 .86 792
10 192 8o -2 1.02 755
131 182 -.76 -1 192 645
1 1.725  1.00 -.70 -.37 1.04 917
10 1.09 -.91 -.33 1.19 876
131 196 82 .22 1.05 764
1 1.738  1.12 -.76 -4 1.17 1009
10 1.21 97 Ry 1.31 967
131 1.06 -.85 - 31 1.13 852
1 1.746  1.16 -.78 -.49 1.21 1039
10 1.25 - 98 -.45 1.34 996
131 1.08 -.85 -.34 1.15 880
1 1.75 1.20 -.79 -.52 1.25 1064
10 1.28 -.99  -.a8 1.38 1022
131 1.10 -.85 -.36 117 . 905
1 1.775  1.27 -8 ~.59 1.32 1125
10 1.36 -1.01 - 54 1.45 1080
131 1.15 -84 4 1.21 963
1 1.80 1.34 _.82 -.66 1.39 1184
10 1.44 -1.02 - 61 1.52 1143
131 1.19 -.83 .47 1.25 1021
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CONFIGURATION P.10 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) € €y e, Coff (°R)

] 1.85 1.38 -.79 -7 1.42 1239
10 1.47 -.98 -.67 1.54 1199
131 1.21 -.78 -.53 1.25 1074
1 1.95 1.39 -.72 -.78 1.43 1299
10 1.48 - -.89 -.74 1.53 1263
131 1.20 -.67 -.60 1.23 1133
1 2.50 1.33 -.52 -.91 1.38 1413
10 1.37 -.62 -.81 1.42 1383
131 .99 -.32 -.72 1.04 1244
] 2.85 1.32 -.48 -.93 1.38 1432
10 1.36 -.57 -.90 1.41 1402
131 .96 -.25 -.74 1.01 1262
1 3.20 1.32 -.47 -.94 1.38 1438
10 1.35 -.56 -.90 1.40 1408
131 .94 -.22 -.75 1.00 1267
1 3.205 1.30 -.46 -.91 1.35 1419
10 1.34 -.54 -.88 1.38 1391
131 .92 -.20 -.73 .97 1252
1 3.21 1.28 -.44 .81 1.33 1400
10 1.32 -.53 .86 1.36 1372
131 .87 -.16 -7 92 1235
1 3.215 1.26 -.43 .87 1.30 1382
10 1.31 -.54 -.84 1.35 1356
131 .78 -.078 -.69 .86 . 1220
1 3.22 1.24 -.42 -.85 1.27 1361
10 1.31 -.55 -.82 1.34 1336
131 .67 -.022 -.68 78 1203
1 3.225 1.21 -.41 -.83 1.24 1344
10 ©1.30 -.56 -.80 1.33 1320
131 .59 .091 -.66 73 1189
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CONFIGURATION P.10 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP.
(sec) €p € e, €off (°R)
1 3.23 1.16 -.39 -.81 1.20 1323
10 1.28 -.56 -.78 - 1.31 1300
131 .50 -.17 -.64 .68 nn
1 3.24 1.09 - =~.36 -.76 1.13 1285
10 1.23 -.54 -, 74 1.26 1265
131 .34 .29 -.60 .62 1139
1 3.25 1.03 -.33 -.73 1.06 1250
10 1.18 -.52 -.71 1.20 1232
131 .22 .38 -.57 .59 1110
1 3.26 .91 -.28 -,66 .95 1186 |
10 1.09 -.49 -.64 1.10 1170
131 .002 .55 -.5] .61 1053
1 3.28 .71 -.20 -.52 .74 1068
10 .95 -,46 -,51 .96 1058
131 -.38 .82 -.40 81 950
1 3.30 .50 -.11 -.40 .54 951
10 .81 -.42 -.40 .82 946
131 -.52 .91 -.30 .89 846
1 3.325 .31 -.046 -.27 .34 814
10 .66 -.39 -.27 66 . 813
131 -1.03 1.28 -.19 1.35 727
1 3.35 .12 .023 -.14 15 679
10 .50 .35 -.14 .51 682
131 -1.34 1.51 .075 1.65 608
] 3.375 -,031 .068 -.037 .068 569
10 .37 -.32 -,043 .40 574
131 -1.54 1.64 .015 1.84 512
1 3.40 -1.58 .10 .058 .16 460
10 : .27 -.31 .052 .34 468
131 -1.75 1.76 .094 2.03 417
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CONFIGURATION P.10 RESULTS (Cont'd)

ELEMENT TIME CUMULATIVE STRAIN (%) TEMP,
(sec) £p g €, €aff (°R)

1 3.425 -.24 1 13 24 374
10 .20 -.31 .12 .32 384
131 -1.85 1.81 .16 2.11 343
1 3.45 -.30 1 .19 .30 298
10 14 -.32 .18 .32 309
131 -1.92 1.83 .21 2.17 276
] 3.50 -.36 .081 .28 .38 196
10 .094 -.36 27 .38 206
131 -1.99 1.81 .29 2.21 186
1 3.70 -.32 -,097 .36 .40 104
10 A7 -.61 .35 .59 106
131 -1.94 1.64 .36 2.09 101
1 3.90 -.29 -.19 .40 .43 50
10 .27 -.79 .40 .75 50
131 -1.92 1.56 .40 2.05 50
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